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for the extremely thin uniform sections required 


by electron microscopy 


Microtome mounts on specially designed table for vibra- 
tion-free rotor drive. Control panel housed in convenient 
safety-lock drawer. Stereoscopic microscope and lamp 
are mounted on a carrier arm of microtome with lateral 
swing-out movement. Draft-free microtome cover pre- 
vents air circulation from disturbing specimen while 
sections are being cut. 


NEW LEITZ ULTRA-MICROTOME after Fernandez Moran 
cannot be matched for unvarying cutting accuracy 


e Consistently uniform series of sections to meet the 
most exacting requirements, as for example in very 
high-power electron micrography. No other instru- 
ment compares with the uniform accuracy of the 
Leitz Ultra-Microtome. 


e Fully automatic specimen feed assures uniformity 
in the preparation of specimens. 


e Extremely small advance feed achieved by the 
thermal] expansion of a nickelsteel rod. 


Phase Ortholux Research Microscope with 
built-in illuminating system for observa- 
tions in transmitted and incident light 
offers a unique combination of versatility, 
precision and simplicity of operation. 


latest Leitz Ultra-Microtome. 


GET ALL THE FACTS...WRITE FOR LITERATURE 


providing full information on all the important 
new features and conveniences built into the 


Ernst Leitz 6.m.b.H., Wetzlar, Germany~ Ernst Leitz Canada Ltd. 
LEICA CAMERAS LENSES PROJECTORS MICROSCOPES BINOCULARS 


e Absolutely no motor vibration; backlash completely 
eliminated. 


e@ Choice of two motor speeds. Automatic motor 
switch permits slow cutting speed. 


e Both glass and diamond knives available. Diamond 
knives available as follows: 45° to 46° for biological 
material; 50° to 60° for bones, metals and hard 
materials. 


my U ltropak Illuminator when attached to 


ei microscopes permits viewing of 
3 opaque materials, both dry and immersed, 
> giving exceptional clarity, brilliance and 


highest magnifications. 


Gentlemen: 

© Please send me complete information on the new 
Leitz Ultra-Microtome. 

© Kindly have Leitz representative phone for appoint- 

ment to demonstrate Ultra-Mierotome at no obligation 
e. 


Fill out and mail the coupon TODAY = 
Name 
E.LEITZ, INC., 468 PARK AVENUE SOUTH, NEW YORK 16, N.Y. pgdress 
Distributors of the world-famous products of 
City. Zone State 


37961 
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New trom 
Nuclear-Chicago 

a family of 

liquid scintillation 
counting systems 


Model 701 is the low-priced basic system for 
workers interested mainly in counting limited num- 
bers of samples. Carbon-14 is counted with high 
efficiency and tritium with somewhat reduced 
efficiency. Model 701 includes components com- 
mon to all three systems: uniquely sensitive optical 
cell and dual-detector assembly, high-speed two- 
channel pulse-height analyzer, ultra-fast coinci- 
dence circuit, and stabilized high-voltage supply. 
Output signals from this solid-state circuitry are 
shaped pulses which can feed any standard scaling 
instrument. From this point, your research needs 
and budget will guide your choice of options, now 
and in the future. 


In Model 702, the dual-detector assembly is 
mounted in a custom-built, precision-controlled, 
low-temperature chamber permitting highest count- 
ing efficiency for carbon-14 and tritium. Field con- 
version to fully automatic operation requires only 
addition of the sample changer mechanism and 
controls. 


Model 703's simple and foolproof sample changer, 
its sophisticated options of data presentation, and 
its versatile modes of automatic operation suggest 
it as the system of choice for laboratories counting 
many samples. 


One of the three new models in this first family of 
liquid scintillation counting systems is suited to 
your present needs and vour expanding research 
program. 


Prices for these integrated, compact and func- 
tionally elegant systems range from $5,000 through 
$15,000. Please write for full information. 


nuclear-chicago 


CORPORATION 


329 EAST HOWARD AVENUE DES PLAINES, ILLINOIS 


4: 


Start here for economical, 
room-temperature 
counting of C“ and 


Model 701 
manual operation 
shown with 8250 scaler 
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Add cooling for increased 
efficiency and precision 


Model 702 
manual, temperature controlled operation 
shown with 8250 scaler and 8600 timer 


3. 


Incorporate automatic sample 
changing as work load grows 


Model 703 

automatic, temperature controlled operation 
shown with two 8250 scalers, 8600 timer, 
and 8401 digital recorder 
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Year book 
Medical Publishers 
INVITES YOU TO VISIT 

BOOTH 30 


The following books and many others of interest 
will make your visit worthwhile. Facilities will 
be available to permit leisurely examination. 


PHYSIOLOGY OF THE DIGESTIVE TRACT—By | | 


Horace W. Davenport, Ph.D. In preparation. 


METHODS IN MEDICAL RESEARCH—Vol. 8, | 


edited by H. Davis Bruner, M.D. $9.75 


CLINICAL VECTORCARDIOGRAPHY & ELEC- | 


TROCARDIOGRAPHY—By Edward Massie, M.D., and 
Thomas J. Walsh, M.D. $27.50 


ADVANCES IN INTERNAL MEDICINE—Vol. 10, 
edited by William Dock, M.D., and I. Snapper, M.D. 
$10.50 


INTRODUCTION TO THE MATHEMATICS OF 
MEDICINE and BIOLOGY—By J. G. Defares and I. N. 
Sneddon. $14.00 


INBORN ERRORS OF METABOLISM—By David 
Yi-Yung Hsia, M.D. $9.50 


CLINICAL USE OF RADIOISOTOPES—By 18 
Authorities. Edited by Theodore Fields, M.S., and 
Lindon Seed, M.D. $10.50 


MEDICAL PHYSICS—Vol. 3, edited by Otto Glasser, 
Ph.D. $25.00. Vols. 1 and 2 also available. 


BIOCHEMISTRY OF CLINICAL MEDICINE—By 
William S. Hoffman, Ph.D., M.D. Second edition. 
$12.00 


YEAR BOOK MEDICAL PUBLISHERS, INC. 
200 East Illinois St. Chicago 11, Ill 


OVER 18, 000 


BIOS CHEMICALS 


@ Mucin, gastric 

@ Myosin 

@ Myricetin 

@ Myricy! Palmitate 

@ 1,2-Naphthalenediamine 

@ 1,8-Naphthalenediamine 

@ Naphthalene-1,3-disulfonic Acid 

@ 1,4,5,8-Naphthalenetetracarboxylic 
Acid 

Naphthidine 

@ «a-Naphthclphthalein 

@ «-Naththoquinoline 

@ Naphthosulfone 

@ «-Naththylisothiocyanate 

@ s-Naththylmercuric Chloride 

@ Neodymium Carbonate 

@ Neodymium Chloride 

@ Neopentane 

@ Neopentanol 


Ask for our new 
complete catalogue 


Laboratories, Inc. 


17 West 60th St., New York 23, New York 3 
Plaza 7-8171 ¢ 


BRONWILL OFFERS. 
NEW UNITA 


INFUSION APPARATUS 


24 INFUSION RATES 
: from 0.125 uljmin. 
to 5 mijmin. 
5 of 50 mi syringes. 


For infusion of small liquid volumes at a controlled, 
accurately reproducible rate. Selected rates are shown 
in an indicating window, both in «l/min, ml/min; and 
in ulj/hr, ml/hr. Infusion rates are selected by turning 
a knurled knob. 
WRITE FOR NEW DETAILED LITERATURE 
ALSO AVAILABLE: Unita II for continuous infusion over 
unlimited periods of time; Unita Ila from 0.008 to 
5.000 ml/hr, Unita ITb from 0.45 to 300 mlJhr. 


BRONWILL SCIENTIFIC 
: A Division of Will Corporation 
280 No. Goodman St. - Box 952, Rochester 10, N. Y. 
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GODART PULMOTEST. 


The universal double spirometer, the most. compact versatilé lung 
function station for determination of lung volumes and its sub- 
divisions. Maximum breathing capacity, timed vital capacity, and 
oxygen consumption at rest or in exercise can be determined. The 
GODART PULMOTEST enables the subject to breathe room air, 
oxygen being added as it is used, maintaining starting concentra- 
tion, 3-speed kymograph, motor blower, volume integrator, suitable ~ 
for closed circuit residual volume eeemination i in conj junction with 
the PULMO- ANALYSOR. : 


GODART PULMO-ANALYSOR 


The PULMO-ANALYSOR is a highly accurate thermal conduc- 
tivity gas analysor which is sensitive to He, CO. and O.. Usable 
alone and in conjunction with the GODART PULMOTEST, it can 
be used to determine residual volume by closed circuit helium 
method as well as by the open circuit method. Expired gas analysis 
for O. and CO, in mixtures with the highest accuracy, speed and 
precision. 


CAPNOGRAPH 


This infra-red gah analysor is used for recording 


in the level of CO. in respiration. The response time is rapid (.04 
sec.) and is able to : follow the respiratory cycle. Alveolar CO: values 
are obtainable without recourse to sampling devices. Capacity is 
highly stable and accurate to 0.1 of its measuring range, compact 
and ready for immediate use in proper control of artificial respira- 
tion,determination of dead space vol id Miagnonie of emphyse 
chronie hyperventilation. 


GODART COMPLIANCE TEST 


To study the elastic properties of the lungs. This equipment records * 
as a kymograph, a loop representing the relation between pressure © 
and volume during respiration. Intra-esophageal pressure changes ©, 
are detected from a catheter by an electromanometer, volume ~ 
changes by a precision spirometer and fed into special recorder — ; 
type kymograph. Supplied with an electromanometer, 3-speed kymo- 
graph and all accessories. 


GODART DESIGNED PULMONARY FUNCTION APPARATUS 


Offices: New York «+ Utrecht * London 


INSTRUMENTATION ASSOCIATES 


Distributors of Laboratory and Scientific Specialties 
17 West 6GOth Street New York 23, N.Y. 
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continued 
clinical 


it as a valuable 
cytotoxic agent 


Cyclophosphamide, Mead Johnson 
FOR PALLIATIVE CHEMOTHERAPY OF CERTAIN TYPES OF MALIGNANT NEOPLASMS 


Report from a recent comparative clinical evaluation of two alkylating agents: “With the use 
of cyclophosphamide [Cytoxan], there is a relative lack of thrombocytopenia and a diminu- 
tion in gastrointestinal side-effects, so that it may offer therapeutic advantages over other 
alkylating agents.”’* 

Other Advantages in Clinical Practice: Broad spectrum of application « High therapeutic 


index « No vesicant activity—may be given orally or parenterally. 
*Papac, R.; Petrakis, N. L.; A-nini, F., and Wood, D. A.: J.A.M.A. 172:1387-1391 (March 26) 1960. 
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DOSAGE: For neoplasms relatively susceptible to Cytoxan 
— Patients with lymphomas and other neoplasms believed 
to be relatively susceptible to Cytoxan therapy are given 
an initial dose of 2-3 mg./Kg./day intravenously. White 
blood counts and platelet determinations should be made 
daily or twice weekly and the dosage adjusted accordingly. 
Intravenous infusions should be continued for at least 6 
days unless otherwise indicated. A leukopenia of between 
1500 and 5000 cells per cu. mm. (or lower) may be expected 
between the tenth and fourteenth day. In the presence of 
a leukopenia of less than 2000/cu. mm. Cytoxan should 
be discontinued until the white cell count returns to 
2000 to 5000 (usually within a week). Dosage is subse- 
quently adjusted as indicated by the patient's objective 
response and the leukocyte count. If the patient is sub- 
jectively improved, if the size of the tumor has decreased, 
or if the white cells are satisfactorily maintained between 
2000 and 5000/cu. mm. oral dosage may be instituted 
equivalent to intravenous dosage. 

Thrombocytopenia is rarely observed on this regimen. 
If platelet counts of less than 100,000/cu. mm. are ob- 
served, the patient should be watched carefully. If plate- 
lets continue to decrease, Cytoxan should be discontinued. 

The patient who has had previous treatment with alkyl- 
ating agents, or x-ray, or is debilitated may be more sus- 
ceptible to bone marrow depression, and initial Cytoxan 
doses should be more conservative than the above. Such 
patients should have more frequent hematologic evalua- 
tion. Good medical practice demands access to a reliable 
hematologic laboratory when using Cytoxan. 


For neoplasms relatively resistant to Cytoxan — Patients 
with carcinomas and other malignant neoplasms believed 
to be less susceptible to Cytoxan therapy are given a dose 
of 4 to 8 mg./Kg./day intravenously. Unless there are 
indications to the contrary, this dose is continued for 6 
days, then stopped. Leukopenia usually ensucs on the 
tenth to fourteenth day after the first dose of Cytoxan. 
Thrombocyte reduction is not common, and platelets 
may actually increase. The leukocyte count promptly 
returns toward normal levels in most cases, and as it 
begins to increase, sufficient Cytoxan is administered to 
maintain it near 2000 to 5000/cu. mm. This may be 
accomplished by two intravenous injections weekly, or by 
oral administration, or by a combination of both routes. 
An oral dosage of 50 to 200 mg. daily or an intravenous 
injection of 5 mg./Kg. twice weekly will usually suffice. 

The platelet and leukocyte counts should be followed 
carefully, and the prior treatment history of patients 
carefully evaluated as delineated above. 


Leukopenia as a guide to adequacy of dosage—The best 
objective measure for dosage seems to be the number of 
circulating white blood cells. This is used as an index of 
the activity of the hematopoietic system, especially the 
bone marrow. The mechanism by which Cytoxan causes 
a reduction in the level of white blood cells is not known, 
but cessation of dosage results in an increase in the level, 
indicating that the hematopoictic system had not been 
permanently affected. When large doses (8 mg./Kg./day 
for 6 days) are given initially, the white cell count falls 
rapidly. Following the cessation of the 6-day course, the 
white cells may continue to decline for as long as 8 days 
and then increase. The reduction of the white cell count 
during Cytoxan therapy and its subsequent increase when 
therapy is discontinued can be repeated in the same 
patient. Maximal reduction in leukocyte count indicates 
the maximal permissible Cytoxan level for therapeutic 
effect. Leukopenic patients must be watched carefully for 
evidence of infection. 

Total white blood cell and thrombocyte counts should 
be obtained 2 or more times weekly in order to evaluate 
therapy and to adjust dosage. 

SIDE EFFECTS: Although Cytoxan is related to nitro- 
gen mustard, it has no vesicant effect on tissue. It does 
not traumatize the vein when injected intravenously, nor 
does it cause any localized tissue reaction following extrav- 
asation, It may be administered intravenously, intramus- 


cularly, intraperitoneally, intrapleurally or directly into 
the tumor, when indicated. It is apparently active by 
each of these routes. 

Nausea and vomiting are common and depend on dose 
and on individual susceptibility. However, many investi- 
gators accept the nausea and vomiting in favor of main- 
taining maximal therapy. The vomiting can be controlled 
with antiemetic agents. 

Alopecia is a frequent side reaction to Cytoxan therapy. 
It has been observed in 28% of the patients studied in 
this country. The incidence is greater with larger doses. 
The loss of hair may first be noted about the 2Ist day of 
therapy and may proceed to alopecia totalis. This effect 
is reversed following discontinuance of Cytoxan; during 
reduced maintenance therapy, hair may reappear. It is 
essential to advise the patient in advance concerning this 
effect of the drug. 

Dizziness of short duration and of minor degree has 
occasionally been reported. 

Leukopenia is an expected effect and can be used as a 
guide to therapy. Thrombocytopenia may occur, espe- 
cially after large doses. The leukocyte or platelet counts 
of an occasional patient may fall precipitously after even 
small doses of Cytoxan, as with all alkylating agents. The 
drug should be discontinued in such patients and reinsti- 
tuted later at lower dosage after satisfactory hematologic 
recovery has occurred. Prior treatment with x-ray or with 
other chemotherapeutic agents frequently causes an ear- 
lier or exaggerated leukopenia or thrombocytopenia after 
Cytoxan medication. Only rarely has there been a report 
of erythrocyte or hemoglobin reduction. 


ADMINISTRATION: Add 5 cc. sterile water (Water for 
Injection, U.S.P.) to 100 mg. of Cytoxan in the sterile 
vial (add 10 cc to 200 mg. vial). Shake, allow to stand 
until clear, remove with sterile syringe and needle and 
inject. 

The freshly prepared solution of Cytoxan may be ad- 
ministered intravenously, intramuscularly, intraperito- 
neally, intrapleurally, or directly into the tumor. The 
solution should be administered promptly after being 
made but is satisfactory for use for three hours after 
preparation. 

If the patient is receiving a parenteral infusion, the 
Cytoxan solution may be injected into the rubber tubing 
if the solution is glucose or saline. 

No thrombosis or thrombophlebitis has been reported 
from injections of Cytoxan. Extravasation of the drug 
into the subcutancous tissues does not result in local 
reactions. 

PRECAUTIONS: Cytoxan should not be given to any 
person with a severe leukopenia, thrombocytopenia, or 
bone marrow infiltrated with malignant cells. It may be 
given with suitable precautions to patients who have had 
recent X-ray treatment, recent treatment with a cytotoxic 
agent, a surgical procedure within 2-3 weeks, or debili- 
tated patients. 

AVAILABILITY: Cytoxan is available as follows: 

Cytoxan for Injection, 100 mg., a sterile dry-filled vial 
containing 100 mg. cyclophosphamide and 45 mg. sodium 
chloride. Packaged, 12 vials per carton. 

Cytoxan for Injection, 200 mg., a sterile dry-filled vial 
containing 200 mg. cyclophosphamide and 90 mg. sodium 
chloride. Packaged, 12 vials per carton. 

Cytoxan Tablets for oral administration, 50 mg., white, 
round tablets, Hecked with blue for easy identification. 
Packaged, 100 tablets per bottle. 


For a copy of the Cytoxan brochure, or other additional 
information on Cytoxan, communicate directly with the 
Medical Department (Section A), Mead Johnson Labora- 
tories, Evansville 21, Indiana. 


Mead Johnson 
Laboratories 


Symbol of service in medicine 
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Automatic Superspeed Refrigerated Centrifuge 


Today's advanced techniques in preparative research demand func- 

tional versatility and accuracy in instrumentation. Hundreds of mod- 

ern laboratories have met this demand by installing a SERVALL RC-2. 

Six different rotors permit routine and research centrifugation in liter- 

BOOTH 24 ally hundreds of sm combinations. Automatic controls simplify and 

In addition to the RC-2: The RC-3 speed operation. Standard rotor adapts to SERVALL Continuous Flow 
Refrigerated Centrifuge for routine System which collects sediment in 8, 4 or 2 stainless steel tubes. 
laboratory work, and with the BR-4 Smooth-walled, stainless steel combination rotor-chamber/evaporator 
Rotor which accepts four 500 ml plastic eliminates exposed corrosive and hard-to-clean coils. Elevated panel 
blood bags. Automatic Superspeed, En- puts all controls at operator's fingertips. The RC-2 is the Refrigerated 
Centrifuge that was designed for your specific needs. 17,500 rpm — 

37,000 x G (with SS-34 Rotor). Write for Bulletin CI-4RC-2. 


tome, and Micro-Macro Homogenizers. 
wan Sorwall, Ine. 


Norwalk, Connecticut 
SERVALL CENTRIFUGES SERVE YOU BEST 
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ANNOUNCING— 

SPECIFICALLY FOR 

INFECTIONS DUE TO 
“RESISTANT” STAPHYLOCOCCI 


AN ENTIRELY NEW SYNTHETIC 
“STAPH-CIDAL” PENICILLIN 


sodium dimethoxyphenyl penicillin 
FOR INJECTION 


UNIQUE—BECAUSE IT 

RETAINS ANTIBACTERIAL 

ACTIVITY IN THE PRESENCE OF 
STAPHYLOCOCCAL PENICILLINASES 
| WHICH INACTIVATE 
| OTHER PENICILLINS 


Bristol 


ved 


WwW 
= 
| (A 
| 
| 
| 
| 
| 


¥S 
: 


OFFICIAL PACKAGE CIRCULAR 
(continued) 


MICROBIOLOGICAL AND PHARMACOLOGICAL 
PROPERTIES 


In vitro studies show that STAPHCILLIN is a bactericidal penicillin 
with activity against staphylococci resistant to penicillin G. Strains of 
staphylococci so far tested have been sensitive to STAPHCILLIN in vitro 
at concentrations of 1-6 mcg. per ml. These levels are readily attained 
in the blood and tissues by administration of STAPHCILLIN at the 
recommended dosage. This unique attribute is probably due to the 
fact that STAPHCILLIN is stable in the presence of staphylococcal peni- 
cillinase. STAPHCILLIN also resists degradation by B. cereus penicil- 
linase. The antimicrobial spectrum of STAPHCILLIN with regard to 
other microorganisms is qualitatively similar to that of penicillin G; 
but considerably higher concentrations of STAPHCILLIN are required 
for bactericidal activity than is the case with penicillin G. 


STAPHCILLIN is rapidly absorbed after intramuscular injection. Peak 
blood levels (6-10 meg./ml. on the average after a 1.0 Gm. dose) are 
attained within | hour; and then progressively decline to less than 
| meg. over a 4 to 6 hour period. It is poorly absorbed from the gastro- 
intestinal tract. STAPHCILLIN is rapidly excreted by the kidney. 


As shown by animal studies, STAPHCILLIN is readily distributed in body 
tissues after intramuscular injection. Of the tissues studied, highest 
concentrations are reached in the kidney, liver, heart and lung in that 
order; the spleen and muscles show lower concentrations of the anti- 
biotic. STAPHCILLIN diffuses into human pleural and prostatic fluids, 
but its diffusion into the spinal fluid has not yet been completely 
studied. However, one patient with meningitis showed a significant 
concentration in his spinal fluid while on STAPHCILLIN therapy. 


Toxicity studies with STAPHCILLIN and penicillin G in animals show 
that they have approximately the same low order of toxicity. 


Certain staphylococci can be made resistant to STAPHCILLIN in the 
laboratory, but this resistance is not related to their penicillinase pro- 
duction. During the clinical trials, no STAPHCILLIN-resistant strains of 
staphylococci were observed or developed; the possibility of the emer- 
gence of such strains in the clinical setting awaits further observation. 


PRECAUTIONS 

During the clinical trials, several mild skin reactions, e.g., itching, 
papular eruption and erythema were observed both during and after 
discontinuance of STAPHCILLIN therapy. Patients with histories of hay 
fever, asthma, urticaria and previous sensitivity to penicillin are more 
likely to react adversely to the penicillins. It is important that the 
possibility of penicillin anaphylaxis be kept in mind. Epinephrine and 
the usual adjuvants (antihistamines, corticosteroids) should be avail- 
able for emergency treatment. Because of the resistance of STAPHCILLIN 
to destruction by penicillinase, parenteral B. cereus penicillinase may 
not be effective for the treatment of allergic reactions. Information 
with regard to cross-allergenicity between penicillin G, penicillin V, 
phenethicillin (Syncillin) and STAPHCILLIN is not available at present. 
If superinfection due to Gram-negative organisms or fungi occurs 
during STAPHCILLIN therapy, appropriate measures should be taken. 


SUPPLY 
List 79502 — 1.0 Gm. dry filled vial. 


BRISTOL LABORATORIES « SYRACUSE, NEW YORK 


Division of Bristol-Myers Company 


CUT HERE FOR FILING 


CUT HERE FOR FILING 


% RESIDUAL PENICILLIN 
INITIALLY 
AFTER 40 MINUTES 


STAPHCILLIN 


Specifically for 


Sta 


The failure of staphylococcal infec 


the penicillin-destroying enzyme, p 
Unlike other penicillins: 


Srapuciuin is effective becau 
ence of staphylococcal penicillinase 


9 The clinical effectiveness of S1 
a wide variety of infections due to 
and life-threatening. 


Like other penicillins: 

STAPHCILLIN has no significar 
pain or irritation at the injection 
penicillin G. Jn occasional cases, t: 


PROFESSIONAL INFORMATION SE 
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additional information concerning clini 
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In the presence of staphylococcal 
penicillinase, STAPHCILLIN remained active 
and retained its antibacterial action. 

By contrast, penicillin G was rapidly 
destroyed in the same period of time. 
(After Gourevitch et al., to be published) 
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PENICILLIN G 
STAPHCILLIN 
PENICILLIN G 


“resistant” staph... 


(- | 
sodium dimethoxypheny] penicillin 
FOR INJECTION 


infections to respond to penicillin therapy is attributed to 
1e, penicillinase, produced by the invading staphylococcus. 


ecause it retains its antibacterial activity despite the pres- 
nase. 


»f STAPHCILLIN has been confirmed by dramatic results in 
e to “resistant” staphylococci, many of which were serious 


ficant systemic toxicity. It is well tolerated locally, and 
tion site is comparable to that following the injection of 
es, typical penicillin reactions may be experienced. 


N SERVICE — The attached Official Package Circular provides com- 
s, dosage, and precautions for the use of STAPHCILLIN. If you desire 
clinical experiences with STAPHCILLIN, the Medical Department of 
e. You may direct your inquiries via collect telephone call to New York, 
cal Department, Bristol Laboratories, 630 Fifth Ave., N. Y. 20, N. Y. 


\TORTES “SYRACUSE, NEW YORK 


livision of Bristol-Myers Company 


AND 


CUT HERE FOR FILING 


OFFICIAL PACKAGE CIRCULAR 
November, 1960 


STAPHCILLIN™ 


(sodium dimethoxyphenyl penicillin) 
For Injection 


DESCRIPTION 


- STAPHCILLIN is a unique new synthetic parenteral penicillin produced 


by Bristol Laboratories for the specific treatment of staphylococcal 
infections due to resistant organisms. Its uniqueness resides in its 
property of resisting inactivation by staphylococcal penicillinase. It is 
active against strains of staphylococci which are resistant to other 
penicillins. 


Each dry filled vial contains: 1 Gm. STAPHCILLIN (sodium dimethoxy- 
phenyl penicillin), equivalent to 900 mg. dimethoxyphenyl penicillin 
activity. 


INDICATIONS 


STAPHCILLIN is recommended as specific therapy only in infections 
due to strains of staphylococci resistant to other penicillins, e.g.: 


Skin and soft tissue infections: cellulitis, wound infections, car- 
buncles, pyoderma, furunculosis, lymphangitis and lymphadenitis. 


Respiratory infections: staphylococcal lobar or bronchopneumonia, 
and lung abscesses combined with indicated surgical treatment. 


Other infections: staphylococcal septicemia, bacteremia, acute or 
subacute endocarditis, acute osteomyelitis and enterocolitis. 


Infections due to penicillin-sensitive staphylococci, streptococci, pneu- 
mococci and gonococci should be treated with Syncillin® or parenteral 
penicillin G rather than STAPHCILLIN. Treponemal infections should 
be treated with parenteral penicillin G. 


DOSAGE AND ADMINISTRATION 


STAPHCILLIN is well tolerated when given by deep intragluteal or intra- 
venous injection. 


As is the case with other antibiotics, the duration of therapy should be 
determined by the clinical and bacteriological response of the patiert. 
Therapy should be continued for at least 48 hours after the patient has 
become afebrile, asymptomatic and cultures are negative. The usual 
duration has been 5-7 days. 


Intramuscular route: The usual adult dose is 1 Gm. every 4 or 6 hours. 
Infants’ and children’s dosage is 25 mg. per Kg. (approximately 12 mg. 
per pound) every 6 hours. 


Intravenous route: 1 Gm. every 6 hours using 50 ml. of sterile saline 
solution at the rate of 10 ml. per minute. 


*Warning: -Solutions of STAPHCILLIN and kanamycin should not be 


mixed, as they rapidly inactivate each other. Data on the results of 
mixing STAPHCILLIN with other antibiotics are being accumulated. 


DIRECTIONS FOR RECONSTITUTION 


Add 1.5 ml. sterile distilled water or normal saline to a 1 Gm. vial and 
shake vigorously. Withdraw the clear, reconstituted solution (2.0 ml.) 
into a syringe and inject. The reconstituted solution contains 500 mg. 
of STAPHCILLIN per ml. Reconstituted solutions are stable for 24 hours 
under refrigeration. 


For intravenous use, dilute the reconstituted dose in 50 ml. of sterile 
saline and inject at the rate of 10 ml. per minute. 


*This statement supersedes that in the Official Package Circulars dated September and/or October, 1960. 
(continued) 
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4UADE* Enza-Trol for enzyme testing... 


everything's under control 


Because of the basic instability of some en- 

zymes and the effect of variables such as 

Z temperature and pH, the need for a known 
15% enzyme test control has long been recognized. 
Dade Enza-Trol fulfills the need, provides 

you with a reliable check on substrates, 

reagents, instrument variation and technic. 

Used exactly as serum, Enza-Trol contains 

a serum protein with known values of enzymes 
. normally found in human serums. Because 
most enzymes are unstable in solution, 


Enza-Trol is supplied in dried form; after 
reconstitution, stability is same as enzymes 
in human serum. In enzyme testing, every- 
thing’s under control with Enza-Trol. 


No. 53463 Dade Enza-Trol, constituted of the following 
enzymes: lipase, amylase, acid phosphatase, lactic 
dehydrogenase, alkaline phosphatase and transami- 
nase plus glucose for amylase blank, phosphorus for 
phosphatase blank, uric acid and bilirubin. 5 mi per 
vial when reconstituted with distilled water. 


Box of 3 vials...... ....$9.00 


Ask your S/P Representative for Enza-Trol literature, or write... 


scientific products 


DIVISION OF AMERICAN HOSPITAL SUPPLY CORPORATION 


GENERAL OFFICES: 1210 LEON PLACE, EVANSTON, ILLINOIS 
Regional Offices: Atlanta - Boston - Chicago - Columbus - Dallas - Kansas City 


Los Angeles Miami Minneapolis - 


New York - San Francisco - Washington 


Export Department—Flushing 58, L. |., New York. In Canada: Canadian Laboratory Supplies Limited. 
in Mexico: Hoffmann-Pinther & Bosworth, S. A, 
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CHLORAMBUCIL (tormeriy known as ¢. 8. 1348) 


FOR CHRONIC LYMPHOCYTIC LEUKEMIA 


A derivative of nitrogen mustard, it has provided amelioration of follicular lym- 
phoma, lymphocytic lymphoma with or without leukemia, and Hodgkin’s disease. 


BUSULFAN 


FOR CHRONIC MYELOCYTIC LEUKEMIA 


‘Myleran’ has been reported to induce remissions, lasting up to two years, in chronic 
myelocytic leukemia. In addition to the decrease in total white cell count and a 
selective reduction of immature myeloid cells, it usually gives, early after its ad. 
ministration, a rise in hemoglobin level and pronounced subjective improvement. 


MERCAPTOPURINE 


FOR ACUTE LEUKEMIA AND CHRONIC MYELOCYTIC LEUKEMIA 


‘Purinethol’ provides worth-while temporary remissions, either partial or complete, 
in a high percentage of patients. In general, a higher proportion of children than 
adults with acute leukemia respond favorably. 


Tablets of 50 mg. 


Facilities for complete and frequent blood counts must be available for patients 
receiving “Leukeran’, ‘Myleran’ or ‘Purinethol’. 


Full information about these products will be sent on request. 


& BURROUGHS WELLCOME & CO. (U.S.A.) INC., Tuckahoe, New York 
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most 


wersatile 


pH instrument 


any Hospital 


or Industrial 


laboratory 


Can 


A pH Meter of high accuracy and zero drift 


A Titrator for performing routine clinical or industrial 
titrations automatically. 


When used with the Radiometer Recorder —a pH 
Stat for recording long term titrations. 


RADIOMETER Model TTT-1 


Accessories Available: 


ELS12: A master switch unit permitting the use of several @ When coupled to the Radiometer Recorder —a re- 
titration stands for large volume routine titrations. cording Titrigraph. 


PHA622: External meter expanding to full scale the biological 


range of 6-8 pH @ Asa highly stable pH Meter — the Radiometer TTT-1 
PHA630T: External Scale Expander providing reading accuracy features a large 160 mm. mirror scale with reading 
of 003 pH over the entire range 0-14 pH. accuracies down to « .02 pH; and a high degree of 
SBR2 SBUI: Recorder for use as a Titrigraph and pH Stat. zero and amplifier stability. As an Automatic Titrator, 
TTA1: Titration stands for automatic or manual titrations. complete and automatic control of the end point 
Electrodes: A complete catalogue of standard and special elec- is assured for either up or down scale titrations, with 


trodes for all applications. control over the rate at which the end point is 
approached and shut off delay after the last addition 
of titrant. 


With its complete freedom from zero drift, and its 
long term stability, it serves admirably — with the 
Radiometer SBR2/SBU1 Recording Microburette — 
ok the as both a pH Stat for the study of the kinetics of 
cont routine determinations are detailed for reaction solutions, and as a Titrigraph for auto- 


avtomatic performance in pamphlet form — 


for use with the TTT-1 Titrator. Blood Sugar i j j 
Determinations, Blood Chlorides, Nitrogen matically drawing titration curves. 
KJELDAHL), Acidity in Gastric Juices, Titra- 


table Acid Urine, d th: j 1 

Special output terminals provide for the use of 
choline Esterase in Serum, and the automatic recorders, relays for process control, and a wide 
recording of Choline Esterase activities ore i 

fully detailed variety of useful accessories. 


(Formerly Welwyn International Inc.) 
3355 Edgecliff Terrace fe CLEVELAND 11, OHIO — 72 Emdrupvej COPENHAGEN, DENMARK 


tn Caneode: Contoct ony Branch of Canadion Laboratory Supplies Limited 
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VISIT US AT BOOTH N®& 7 


TO SEE THE NEW 


PHOENIX 


¢ MODEL K-8000 AMINO ACID ANALYZERS « 
e UNIVERSAL LIGHT SCATTERING PHOTOMETERS « 
¢ AUTOMATIC RECORDING DIFFERENTIAL REFRACTOMETERS « 
VISUAL REFRACTOMETERS * MONOCHROM. LIGHT SOURCES 
GLASS CELLS ¢ RATIO RECORDERS 


PHOENIX PRECISION INSTRUMENT COMPANY 
| 3803-05 NORTH FIFTH STREET PHILADELPHIA 40, PENNSYLVANIA, U.S.A. 
BALOWIN 8-7417 ~ ee CABLE PPICO 


first name in Osmometry.... 


More laboratories have specified Osmometers 
from Advanced Instruments than from all other 
sources combined. 


ADVANCED 
OSMOMETERS 


© Regional schools of Osmometry 


“ parts for all earlier models 
The all-new 1961 Laboratory Model 31L 
© smaller @ Advanced uniform 6-Step instructions 
e fully-insulated bath for all models 
© 5-year refrigeration 


© push button operation Send for latest specifications today 
® more stable probes 


‘4 ADVANCED Al Kenneth St., Newton Highlands 61, Mass. 
INSTRUMENTS, inc. Telephone DEcour 2.8200 
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renal function 


hepatic function 


cardiac output 
circulation time 
j cerebral blood flow 


“cardiac shunt 


: Nexibly thas, they may be 
sitting patient at any 
by several feet, or ‘snagged side 
movements make for: tea 


This Dual Detection system is one 
of the comprehensive Picker line of nuclear 
instrumentation and supplies: all marketed 
and serviced through a national network 
of company offices staffed by trained Picker 
people. (Picker alone in the nuclear field offers 
this caliber of local service). 


For details call your district office (see ‘phone 
book) or write Picker X-Ray Corporation, 
25 South Broadway, White Plains, New York. 


The dual detection system in use for renal function 
study. It employs two detectors, a dual ratemeter, 
a dual recorder, and (optionally) two pulse height 
analyzers, all “packaged” in a sturdy mobile support. 


| ways PICKER NUCLEAR can help you... a 
_ Picker Nuclear can help you study hypertension of renal origin, or aN: 
acute or.nephrosis of one or both kidneys by means of a dual 
detection systerh. The tests require no catheterization: provide inform ation 
about each kidney independently. Reliability is enhanced because the « 
tectors can be placed and held in position with great accuracy, al becaus 
their shielding minimizes cross interference. 
independently lying or 
by side. Such wide-ranging 
na flow system: e.g. cirey- 
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ournal of 


Surgical 


esearch 


First Issue 
May, 1961 


brings you, without delay, 
results of current research 


This mew bimonthly periodical will present first class 
investigative work illuminating the nature of surgical 
disease and/or suggesting new methods for its manage- 
ment. The contents of the first issue (see below) will 
give you an idea of its scope and depth. Distinguished 
and firm editorial direction insures the significance and 
worth of the published material. Become a charter 
subscriber by returning the coupon below. The Jour- 
nal of Surgical Research will be published every other 
month beginning May 1961 in a format of 8” x 10%”. 
Issues will contain approximately 64 pages and carry 
no advertising. Year’s subscription $10.00. 


Contents of first issue 


Postmortem Survival of Tissues. (1) Standard Glu- 
cose Oxidation Procedure for Assessing Tissue 
Viability after Death of Host—Arthur Sicular, 
Francis D. Moore. (2) Effect of Time and Tem- 
perature on Survival of Liver as Measured by 
Glucose Oxidation Rate— Arthur Sicular, Francis 


D. Moore 


Preservation of Living Tissue in Frozen State: Study 
Using Parathyroid Tissue—Paul Russell, Mary 


L. Wood, Rubin F. Gittes 


Experimental Differential Renal Cooling, Utilizing 
Electrolyte Perfusates—¥. Wesley Alexander, Roy 


H. Clauss 


Replantation and Transplantation of Canine Lung— 


David A. Blumenstock, Donald R. Kahn 


Effects of Graded Hemorrhage on Respiratory 
Mechanics—Yohn Salzano, F. G. Hall 


Histological Observations of Aortic-Teflon Grafts in 
Normal Dogs after five years—Bernard M. Wag- 
ner, Kirk E. Evans, Karl F. May, fr., Milford S. 
Ofstun, K. Alvin Merendino 

Technique of Isolation and Perfusion of Canine 
Liver—Paul F. Kestens, Julia A. Farrelly, William 
V. McDermott, Fr. 


Mechanisms of Shock in Peritonitis: Effects Upon 
Blood Volume, Heart Action and Peripheral 
Vessels—YFames D. Hardy 


Cystometry During and Cystography after Trans- 
urethral Resection of Bladder Tumor: Bladder 
Mucosa Water Barrier. Preliminary Report— 
Henry Bodner, Allan H. Howard, Foseph H. 
Kaplan, Stanley C. Ross 


W. B. SAUNDERS Company 


C Enter my Charter Subscription to 


West Washington Square, Philadelphia 5 


The Journal of Surgical Research ($10/yr.) 


See copies of the 
Ji. of Surgical Research 
and other Saunders books 
Booths 40 & 41 


at the A.S.C.I. annual meeting 
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RARE and FINE ORGANICS 


A few of the thousands of rare stock chemicals 


CETYL PYRIDINIUM CHLORIDE $10.00/100g. 


o-AMINO BIPHENYL $ 9.00/100g. 


3,4-DIHYDROXY MANDELIC ACID ... 


45.00/g. 


DIISOPROPYL FLUOROPHOSPHATE 16.00/g. 


IMIDAZOLE ....... 


a-NAPHTHYL ISOTHIOCYANATE .... 


22.50/10g. 


o-PHTHALALDEHYDE 21.00/10g. 


Write for catalog 
alkaloids 
amino 
enzymes 
biochem preps 


No. 
hydrocarbons 
keto acids 
fatty acids 
peptides 


3 listing 12,000 RARE— 


steroids 
sugars 
purines 
carcinogens 


Write Dept. “C” 


Ged LABORATORIES, INC. 


177-10 93rd 


“JAMAICA 33, NY 


333 Cedar Street 


supplement 


The Journal of Clinical Investigation 


New Haven 11, Conn. 


VOLUMES 
BACK "ISSUES 


Vol. 27 (1948) six issues and one 


Vol. 28 (1949) six issues and two 
supplements 


Vol. 29 (1950) twelve issues 


Vol. 30 (1951) twelve issues and 
one supplement 


Vol. 31 (1952) twelve issues 
Vol. 32 (1953) twelve issues 
Vol. 33 (1954) twelve issues 


Vol. 36 (1957) twelve issues and 
two supplements 


Vol. 37 (1958) twelve issues 
Index, Vols. 1-17, inc. 


Order While Available 


10.00 
10.00 


12.00 
12.00 
12.00 
12.00 


15.00 
15.00 
2.00 
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“Write-and we will forward reprints of published papers. 


TECHNICON INSTRUMENTS CORP. 


22 RESEARCH PARK + CHAUNCEY, NEW YORK 


BLOOD STREAM 
o-IODOBIPHENYL 8.50/10g. of man or animal | 
(free base) ............. 9.00/100mg. f or ch anges in... 
POTASSIUM: 
 SAJACYRIC ACID. / 
MpTAHEXANIDE / 
two-lumen cann al. ns into th 
blood stream the inner cannula aspirates 
he blood wit 
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To reflect without distortion chemical 
changes in the patient, a new standard-in- 
serum is now available to extend the range 
of the Versatol series. 


VERSATOL-A ALTERNATE, the new 
product for the quality clinical laboratory, 
has each of 16 constituents standardized in 
the abnormal range. 


VERSATOL-A ALTERNATE is essen- 
tially a mirror image of Versatol-A. 
VERSATOL-A ALTERNATE provides 
blood chemistry values constructed for clin- 
ically significant pathological areas different 
from those in VERSATOL-A. 


For example, the PBI in Versatol-A is 
abnormally low, the area which so often 
proves troublesome. In VERSATOL-A 
ALTERNATE the PBI is abnormally high 
— because so many have asked for an abnor- 
mally high reference point to use in calibra- 
tion—and, of course, as a control for elevated 
PBI specimens. 


The Abnormal Blood Chemistry Standard and Centrat 


‘Prepare for wae by exactly 5.0 mi water to 

+ vist Mia te stone 30 detore 
KEEP REFRIGERATOR 

Match bot on vis! ot mumber on enciosed card 

Lech lot mummers individu sty prepared 


Reflections of a Blood Chemistry Standard 


Of course, Versatol is the ideal normal 
serum standard and control. All three stand- 
ards derive from a human serum base— with 
specific constituents selectively dialyzed out 
—or reduced to a constant level. Their 
known absolute values are actual weigh-in 
values, as is true of any primary standard. 


Remember: In the Versatol series you 
have the quality standard and control serum 
products at routine control prices. 


Initially, VERSATOL-A ALTERNATE is available 
in boxes of 10 vials each. Reconstitution with 
5 ml. of distilled water provides a 5.3 ml. of 
standard solution per vial. Cost to the laboratory, 
like Versatol and Versatol-A 10's, is $21.00 per 
box, or $0.39 per ml. 

Place your order today for VERSATOL-A 
ALTERNATE and the other products in the Versatol 
series. 
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. On the Site of Viral Interference. Monto Ho, Pitts- 
burgh, Pa. 

. The Relative Abundance of Viral Receptors: An Ex- 
planation of the Differential Susceptibility of Suckling 
and Adult Mice to Coxsackie B, Infection. CALVIN 
M. KuNIN and Norma E. Hatmacys, Charlottesville, 
Va. 

. Pyrimidine Biosynthesis in Man: Suppression Jn 
Vivo by Anti-neoplastic Agents. MitrcHeLtt 
ELIzABETH FREDERICK, Myron Lotz and Lioyp H. 
SMitH, Jr., Boston, Mass. 


. Leukemic Cell Proliferation as Determined by Jn 
Vitro Deoxyribonucleic Acid (DNA) Synthesis. 
G. Crappock and GrorGe S. NAKAI, Los 
Angeles, Calif. 

. Abnormalities of Erythrocyte and Plasma Lipids in 
Acanthocytosis. Ways, CLAupE F. Reep and 
Dona.p J. HANAHAN, Seattle, Wash. and Rochester, 

. Active Transport of Iron Jn Vitro by Duodenal 
Segments and the “Mucosal Block.” JAmMes G. MANIs 
and Davin ScHaAcHTER, New York, N. Y. 

. Response to Repeated Platelet Transfusions from 
the Same Donor. Emit J. FretretcH, ALLAN KLI- 
MAN, LAWRENCE A. GAypos, and LEsLie R. SCHROEDER, 
Bethesda, Md. 

. Bile Acid Fever and Inflammation in Man. Rosert 
H. Parmer, Paut B. GLICKMAN and ATTALLAH 
Kappas, Chicago, III. 

. Myocardial Blood Flow as Indicated by the Disap- 
pearance of Nal™ from the Heart Muscle. WuLL1AM 
HoLianper, Irvinc M. Maporr and Aram V. Cuo- 
BANIAN. Boston, Mass. 


. Genetic Control of the Ability of Human Blood to 
Neutralize Angiotensin and Its Relationship to Es- 
sential Hypertension. J. Epwin Woop, Augusta, Ga. 
. The Influence of Arterial Pressure on the Antihy- 
pertensive Action of a Normal Kidney, a Biological 
Servomechanism. Lours BeveRLY WINN 
and JEANETTE JANECEK, Minneapolis, Minn. 

. Relationship of Bacteriuria to Hypertension: An 
Epidemiological Study. Epwarp H. Kass, WILLIAM 
and KENNETH L. Stuart, Boston, Mass., 
Penarth, Wales, and Jamaica, W.I. 

. The Alveolar Diffusing Volume and the Water Space 
of the Pericapillary Tissues of the Lungs as Meas- 
ured by Multiple Indicator Dilution Curves. Lioyp 
Ramsey, W. Puckett, A. Jose and W. Lacy, Nash- 
ville, Tenn. 


PROGRAM OF THE FIFTY-THIRD ANNUAL MEETING OF THE AMERICAN 
SOCIETY FOR CLINICAL INVESTIGATION, INC., TO BE HELD IN 
ATLANTIC CITY, NEW JERSEY, MAY 1, 1961 


14. Dominant Role of Pulmonary Vascular Engorgement 


as a Determinant of Dyspnea. H. Pace Mauck, Jr. 
and SuHaptro, Richmond, Va. 


. The Determination of Intracellular pH in Normal 


Human Subjects. Eucene D. Rosin, A. 
BroMBerG and Rosert J. Wirson, Pittsburgh, Pa. 


. Evidence for a Renal Tubular Amino Acid Transport 


System Common to Glycine, L-Proline and Hydroxy- 
L-proline. CHARLES R. Scriver, IRwiIn A. SCHAFER 
and Mary L. Erron, Montreal, Canada and Boston, 
Mass. 


. The Effect of Blood Glucose on Circulating Bound 


and Free Insulin. HArry N. ANTONIADES, KARE 
GUNDERSEN and HuGu Py te, Boston, Mass. 


. Relationship of Sulfhydryl Inhibitors and Reductive 


Conditions to the Action of Insulin on Adipose Tis- 
sue. W. S. Lynn, Jr. EuGenta Earnnarpt and 
Rost Brown, Durham, N. C. 


. Effects of Pco, and pH on the Plasma-Binding, Turn- 


over, and Tissue Uptake of Thyroid Hormones. 
Mitton W. Hamorsky and Myron Stern, Boston, 
Mass. 


. Alterations in Steroid Hormone Secretion Produced 


by Inhibition of Cholesterol Biosynthesis. JAMES 
C. Mersy, Martyn St. Cyr and S. L. DALte, Little 
Rock, Ark. 


. Mechanism of the Anabolic Effect of Testosterone. 


J. D. Witson, Dallas, Tex. 


. Antidiuretic Hormone-like Effects of Adenosine-3’, 


5'-phosphate (Cyclic AMP) and Theophylline in the 
Toad Bladder. Jack Ortorr and JosepH HANDLER, 
Bethesda, Md. 


. Human Serum Growth Hormone: Measurements of 


Concentration and Turnover with a Radioimmuno- 
assay. Rosert D. Uticer, Mary L. Parker and 
L1AM H. Daucuapay, St. Louis, Mo. 


. The Mechanism of Aldosterone Stimulation Follow- 


ing Hemorrhage in the Hypophysectomized Dog. 
Patrick J. MuLrow and F. Ganonc, New 
Haven, Conn. and San Francisco, Calif. 


. Biochemical Detection and Histological Study of 


Muscular Dystrophy in the Preclinical Stage. Cari 
M. Pearson, SupHir R. and WILLIAM 
M. Fowter. Los Angeles, Calif. 


. The Effects of Guanethidine on Triiodothyronine- 


induced Hyperthyroidism in Man. Tuomas E., 
GAFFNEY and EuGENE BRAUNWALD, Bethesda, Md. 
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LISTING OF EXHIBITS AT FIFTY-THIRD ANNUAL MEETING OF THE 
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THE EFFECT OF VITAMIN SUPPLEMENTATION ON THE 
URINARY EXCRETION OF TRYPTOPHAN METABO- 
LITES BY PREGNANT WOMEN * 


By R. R. BROWN, MADELINE J. THORNTON anp J. M. PRICE 


(From the Cancer Research Hospital and the Department of Gynecology and Obstetrics, 
University of Wisconsin Medical School, Madison, Wis.) 


(Submitted for publication September 30, 1960; accepted October 28, 1960) 


The first demonstration by Lepkovsky, Roboz 
and Haagen-Smit (1) of the occurrence of xan- 
thurenic acid in urine of vitamin B,-deficient rats 
has since been extended and confirmed in a num- 
her of species (2-4) including man (5, 6), and 
the measurement of xanthurenic acid in urine fol- 
lowing a loading dose of tryptophan has been pro- 
posed as an index of vitamin B, nutrition (7). 
The role of this vitamin in tryptophan metabolism 
has been studied in intact rats by Dalgliesh (8), 
and enzyme studies by a number of investigators 
(9-12) provide a reasonable explanation for the 
elevated excretion of tryptophan metabolites 
found in the urine of pyridoxine-deficient animals. 
Although xanthurenic acid sometimes occurs in 
elevated amounts in urine, it is not an abnormal 
tryptophan metabolite, since it can be detected in 
normal human urine (13). 

The observations that pregnant women ex- 
crete elevated amounts of xanthurenic acid (14— 
16) and other metabolites of tryptophan (17) 
have been interpreted as signifying a vitamin B, 
deficiency in pregnancy, inasmuch as supplemen- 
tation of the diet with pyridoxine restored the 
excretion of xanthurenic acid to control levels. 
Xanthurenic acid excretion was not elevated in 
pregnant swine (18), rats, guinea pigs, rabbits 
or dogs (19). However, dietary pyridoxine de- 
ficiency caused elevated xanthurenic acid excre- 
tion in most of these species. 

It has been reported that pre-eclamptic and 
eclamptic patients excreted more xanthurenic acid 
than normal pregnant or nonpregnant women 
(14). However, since there are differing re- 


* Supported in part by grants from the National In- 
stitute of Arthritis and Metabolic Diseases (no. A-1499), 
the American Cancer Society, and from the Wisconsin 
Division of the American Cancer Society. 

+ American Cancer Society, Charles S. Hayden Foun- 
dation Professor of Surgery in Cancer Research. 


ports on the efficacy of pyridoxine in reducing the 
incidence of pre-eclampsia (20, 21), factors in ad- 
dition to vitamin B, nutrition are probably in- 
volved. 

Since quantitative studies of urinary trypto- 
phar metabolites have been chiefly concerned 
with xanthurenic acid, the present study was un- 
dertaken to evaluate the quantity of this and other 
tryptophan metabolites excreted during preg- 
nancy, and to determine the effect, if any, of other 
vitamins in addition to vitamin B, on the excre- 
tion of tryptophan metabolites by normal preg- 
nant women. The results indicate that the ele- 
vated levels of tryptophan metabolites found in 
the urine of normal pregnant subjects were low- 
ered by pyridoxine administration to near the 
levels found in nonpregnant subjects, with the ex- 
ception of N-methyl-2-pyridone-5-carboxamide ex- 
cretion, which remained two or three times higher 
in pregnancy. Administration of other vitamins 
had no effect on the excretion of tryptophan me- 
tabolites. The pattern of urinary metabolites 
found suggests that other factors in addition to 
vitamin B, nutrition may be involved in regulating 
the metabolism of tryptophan in pregnant subjects. 


METHODS 


The effect of vitamin supplementation on the metabo- 
lism of tryptophan was studied in 14 pregnant subjects 
(ages 21 to 37) seen by one of us (M. T.) as outpatients 
in the Department of Gynecology and Obstetrics. In 
stage of pregnancy, 4 subjects were in the third tri- 
mester, 9 were in the second trimester, and one was late 
in the first trimester. Prior to the first study, the sub- 
jects received no vitamin supplement for at least 2 weeks. 
After collection of a 24 hour basal urine, each subject 
was given an oral test dose of 2 g of L-tryptophan and 
two more complete 24-hour urine collections were ob- 
tained. Thus, all urine was collected for 1 day before 
and for 2 days after tryptophan administration (Group 
II, pregnant, no vitamins). The urine was preserved 
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under toluene and refrigerated until analyzed. Follow- 
ing this first study, each subject received a multivitamin 
preparation lacking only pyridoxine of the common vi- 
tamins.!. After ingestion of this vitamin preparation for 
11 days, the 3-day tryptophan study was repeated (Group 
III, pregnant, vitamins, no B,). The subjects were then 
given daily the same multivitamin preparation, containing 
in addition 6 mg of pyridoxine hydrochloride,? for an- 
other 11 days when a third tryptophan study was obtained 
(Group IV, pregnant, vitamins with B,). The subjects 
then continued to receive the complete multi-vitamin sup- 
plement until term. Of th. 14 subjects on whom com- 
plete studies were obtained during pregnancy, 9 were 
available for postpartum study (Group V). This 3-day 
study was done 1 to 16 months post partum when the sub- 
jects had stopped lactating, and had received no vitamin 
supplement for at least 2 weeks prior to study. 

Mild anemia was the chief prenatal complication. All 
infants (7 males and 7 females) were delivered at term, 
two by Cesarean section, two by forceps and the re- 
mainder Postpartum bleeding and a 
subsequent transfusion reaction in one subject were the 
only postpartum complications encountered. 


spontaneously. 


For comparison, the tryptophan metabolism of a group 
of 10 normal, nonpregnant women (ages 19 to 45) was 
measured (Croup I). Two of the controls were post- 
menopausal, the others were premenopausal. Four of 
the controls had had one or more pregnancies, 6 were 
nulliparous; no detectable difference in tryptophan me- 
tabolism was observed between these subgroups. 

In addition, 7 normal nonpregnant women were given 
the tryptophan load test just before menstruation, just 
after menstruation, and at the estimated time of ovula- 
tion, in an attempt to evaluate the influence on trypto- 
phan metabolism of changes in hormonal levels during 
the menstrual cycle. Subjects with regular cycles were 
chosen in order that it might be possible to accurately 
predict the time of ovulation and the start of menstru- 
ation. 

The tryptophan metabolites measured were kynurenine, 
acetylkynurenine, o-aminohippuric acid (22), 3-hydroxy- 
kynurenine (23), kynurenic and xanthurenic acids (24), 
and N-methyl-2-pyridone-5-carboxamide (pyridone) (25). 
Only the natural L-tryptophan was used in these studies 
since previous reports (26) demonstrated that use of 
DL-tryptophan leads to the excretion of metabolites of 
b-tryptophan. 

‘Each daily dose contained 1.5 mg thiamine mono- 
nitrate, 3 mg riboflavin, 7.5 wg vitamin B,., 100 mg ascor- 
bic acid, 15 mg nicotinamide, 0.4 mg folic acid, 6,000 
USP units vitamin A, 75 mg ferrous sulfate, 6 mg race- 
mic calcium pantothenate and 1.87 g calcium carbonate. 
We are indebted to Dr. J. M. Maas and Mr. R. Glenn 
Weiss of Eli Lilly and Co., Indianapolis, Ind., for supply- 
ing us with this preparation. 

*Compren Pulvules no, 25, Eli Lilly and Co., Indi- 
anapolis, Ind., kindly supplied by Dr. J. M. Maas and 
Mr. R. Glenn Weiss. 
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RESULTS 


Table I outlines the metabolic relationships of 
the compounds measured, and shows the average 
quantities excreted by the various groups of sub- 
jects before and after a loading dose of 2 g of 
L-tryptophan. Statistical evaluation by means of a 
t test was made of the basal (pre-tryptophan ) 
levels of excretion between groups and also of the 
yields of metabolites due to tryptophan loading 
(post-tryptophan values minus basal values) be- 
tween groups (Table II). 

The basal excretions of kynurenine, hydroxy- 
kynurenine, and xanthurenic acid were signifi- 
cantly higher (p=0.05) in pregnancy (Group 
II) than in the control subjects (Group I), 
whereas basal kynurenic acid excretion was sig- 
nificantly lower (p = 0.02) in the pregnant sub- 
jects. In comparing the basal levels of excretion 
by pregnant subjects (Group II) with the same 
subjects post partum (Group V), it was found 
that pregnant subjects excreted significantly ele- 
vated levels of kynurenine, hydroxykynurenine 


TABLE I 
The average urinary excretion of metabolites of trypto- 
phan by various groups of women 


TRYPTOPHAN 


CONTROL 


PREGNANT, 


3 

2 

VITAMINS 

| PREGNANT, 
2 

2 

2 


293* 
163" 
319” 
65 
102 


VITAMINS 
NO B6 


PREGNANT, 
VITAMINS 
WITH Bg, 


POST- 
PARTUM 


+ The units are in micromoles of metabolite per 24 
hours except for the dose of L-tryptophan which is 2.0 g 
(9,800 umoles). The abbreviations are: oAH, o-amino- 
hippuric acid; KA, kynurenic acid; ACK, acetylkynure- 
nine; KYN, kynurenine; HK, 3-hydroxykynurenine ; 
HAA, 3-hydroxyanthranilic acid; XA, xanthurenic acid; 
PYR, N-methyl-2-pyridone-5-carboxamide ; B,, pyridoxal 
phosphate or pyridoxine hydrochloride. 

* Pyridone values are elevated because of 15 mg (123 
umoles) of niacinamide present in the multivitamin sup- 
plement. The average increase in pyridone excretion 
after multivitamin supplementation was 69.5 mumoles, 
which accounted for 56.5 per cent of the niacin given. 
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EFFECTS OF VITAMINS ON TRYPTOPHAN METABOLISM IN PREGNANCY 


TABLE II 


Results of statistical comparison (t test) of the yield of 
metabolites excreted after tryptophan (post- 
tryptophan value minus basal value) 
by various experimental 
groups * 


TRYPTOPHAN 


GROUPS 

“OMPARED KA | ACK XA | PYR 
I-21 NS I>I | U>1 | | I>1 
I-m NS NS NS NS NS 
NS NS 
I> W>I| NS | WI 
NS NS NS | NS 
Yor NS |I>¥ |I>¥ 
W-¥ Yor NS NS | NS |I¥>¥ 


* The group numbers and abbreviations are those used 
in Table I. Where a difference is indicated, the p value 
is less than 0.05, indicating that such a difference would 
be expected to occur by chance fewer than 5 times in 100. 


and pyridone and significantly lower levels of 
kynurenic acid. No significant differences oc- 


curred in basal excretion levels between control 
subjects (Group I) and the postpartum subjects 


(Group V). Similarly, administration of vita- 
mins to Groups III and IV did not alter the basal 
level of excretion significantly, except for in- 
creases in pyridone levels due to the additional 
niacin in the vitamin preparation. 

In comparing the yield of metabolites after 
tryptophan (post-tryptophan value minus basal 
value), a number of significant differences were 
observed between groups (Table II). The preg- 
nant subjects of Group II excreted significantly 
more kynurenine, acetylkynurenine, hydroxyky- 
nurenine, xanthurenic acid, and pyridone than did 
the control subjects (Group I). Kynurenic acid 
and o-aminohippuric acid levels were unchanged. 
The multivitamin supplement lacking pyridoxine 
had no effect on the excretion of tryptophan me- 
tabolites by pregnant subjects, as shown by a 
comparison of Groups II and III. Addition of 
pyridoxine to the supplement (Group IV) re- 
sulted in a significant decrease in the yield of ky- 
nurenine, hydroxykynurenine, kynurenic acid and 
xanthurenic acid as compared with levels excreted 
by Group III. However, kynurenine, hydroxy- 
kynurenine and pyridone levels in Group IV still 
remained significantly higher than those of the 
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controls (Group I), xanthurenic acid was no dif- 
ferent from controls, while kynurenic acid and 
o-aminohippuric acid levels were significantly 
lower than those of the controls. 

Comparison of Group II with postpartum sub- 
jects (Group V) showed that yields of xanthu- 
renic acid and pyridone were significantly higher 
in Group II than in Group V, whereas o-amino- 
hippuric acid was significantly lower in Group IT. 
Although there were no significant differences in 
basal excretion levels between Groups I and V be- 
fore tryptophan, after the test dose, the post- 
partum subjects excreted significantly more acetyl- 
kynurenine, kynurenic acid and xanthurenic acid 
than did the control subjects. The data suggest 
that the metabolism of the postpartum subjects had 
not returned to normal at the time they were stud- 
ied. That the differences observed between post- 
partum subjects (Group V) and nonpregnant 
controls (Group I) were not due to biased sam- 
pling of these groups during specific phases of 
their menstrual cycles was shown by separate stud- 
ies of seven subjects at specific times during their 
cycles (Table III). With the exception of sig- 
nificantly decreased (p= 0.05) excretion of hy- 
droxykynurenine postmenstrually, no other sig- 
nificant variations could be associated with the 
stage of the menstrual cycle. Thus, the differ- 
ences in tryptophan metabolism observed in the 
postpartum subjects were probably related to their 
postpartum metabolic and nutritional condition. 

It is of interest that the yield of pyridone after 
tryptophan in all the pregnant groups was signi- 
ficantly higher than in either of the nonpregnant 
groups. Expressed as a percentage of the ad- 
ministered tryptophan, the conversion to pyridone 
was 0.46 and 0.79 for nonpregnant Groups I and 
V and was 1.72, 1.57 and 2.20 for pregnant Groups 
II, III and IV, respectively. Thus, even in the 
apparent vitamin B, deficiency in Groups II and 
III, the yield of pyridone from tryptophan was 
about three times that observed in Groups I and 
V and administration of pyridoxine in Group IV 
did not significantly alter the pyridone excretion. 

Table I shows that although kynurenine was 
elevated in Groups II, III and IV, the excretion 
of kynurenic acid was not significantly elevated 
and was actually lower in Group IV. This is in 
contrast to the high levels of xanthurenic acid 
associated with high levels of hydroxykynurenine. 
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TABLE III 


The average urinary excretion of tryptophan metabolites by 7 nonpregnant women at 
various stages of their menstrual cycles * 


Stage of cycle Tryptophan oAH 


Postmenstruation 


19 
38 


20 
40 


Ovulation 


22 
35 


Premenstruation 


97 
19 154 
82 


14 18 122 
111 


144 


9 
13 


10 
34 


20 


45 29 


* The abbreviations used are the same as in Table I. Zero and 2 refer, respectively, to pre- and post-tryptophan 


loading with 2.0 g of L-tryptophan. 


+ Significantly lower (p < 0.05) than the corresponding value in ovulation or premenstruation periods. 


t Significantly lower (p < 0.05) than the value found in the ovulation period. 


The average post-tryptophan value 


of HK is quite different between the post- and premenstruation periods, but a large variance in the latter values precluded 


statistical significance. 


The ratio of hydroxykynurenine to kynurenine 
changed only slightly throughout Groups I to V, 
whereas the ratio of xanthurenic acid to kynu- 
acid changed 12-fold. 

In addition to the 14 subjects described above, 
the tryptophan metabolism of 14 other normal 
under conditions 


renic 


pregnant women was studied 
identical with those used for Group II (no vita- 
min supplementation). Although the results were 
entirely comparable with those obtained from 
Group II, they were not included in Table II since 
these subjects were not studied subsequently in 
the manner described for Group II. 

In Figure 1 is shown graphically the average 
post-tryptophan excretion levels of nonpregnant 
and pregnant women receiving no vitamin sup- 
plements, and for comparison, the excretion pat- 
terns of a male subject who received deoxypyri- 
doxine and isoniazid at different periods (27). 
The excretion pattern of the pregnant group is 
noticeably different from that of the controls and 
differs from the patterns observed with deoxypyri- 
doxine and isoniazid chiefly in that pregnant sub- 
jects excreted larger amounts of pyridone than 
did subjects with either of the drug-induced ab- 
normalities. 


DISCUSSION 


The quantitative results presented above confirm 
the findings of elevated excretion not only of 
xanthurenic acid (14-16), but of other tryptophan 
metabolites by pregnant subjects given loading 
doses of tryptophan (17). The present quantita- 


tive results show that pregnant women not supple- 
mented with pyridoxine excrete significantly ele- 
vated amounts of kynurenine, acetylkynurenine, 
hydroxykynurenine, xanthurenic acid and _pyri- 
done after tryptophan loading. In addition, ele- 
vated excretion of kynurenine, hydroxykynure- 
nine and xanthurenic acid occurred even in the 
basal urine before tryptophan supplementation. 
It was reported that administration of 5 to 10 mg 
of pyridoxine was sufficient to restore xanthure- 
nic acid excretion to nonpregnancy levels (16). 
In the present study, administration of 6 mg per 
day for 12 days before tryptophan loading lowered 
the xanthurenic acid excretion level to that of 
controls, but did not completely restore kynure- 
nine, hydroxykynurenine or pyridone to normal 
nonpregnancy levels. Administration of a vita- 
min mixture lacking pyridoxine had no detectable 
effect on urinary levels of tryptophan metabolites. 
Similarly, Zartman, Barnes and Hicks (28) re- 
ported that aspirin or niacin did not alter the ele- 
vated xanthurenic acid excretion of pregnant sub- 
jects. 

Since o-aminohippuric acid is the chief urinary 
metabolite of anthranilic acid in humans (29), its 
level of excretion should provide a guide to the 
kynureninase activity im vivo. In livers from 
pyridoxine-deficient animals, a decrease in ky- 
nureninase activity was observed (9, 10). In 
humans with a functional pyridoxine deficiency 
induced by isoniazid or deoxypyridoxine (Figure 
1), the excretion of o-aminohippuric acid was 
unchanged or reduced even when high levels of 
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EFFECTS OF VITAMINS ON TRYPTOPHAN METABOLISM IN PREGNANCY 


PATTERNS OF METABOLITES AFTER TRYPTOPHAN 
140 


DEOXYPYRID: 


OXINE (1) 
452 


1145 


ISONIAZID (1) 


145 


20.” 


PREGNANT, NO VITAMINS (14) 


306 
— 


NON-PREGNANT CONTROLS (17) 
40 56 
o-AH 


Fic. 1. LeveLs OF URINARY EXCRETION OF TRYPTO- 
PHAN METABOLITES IN THE 24 HOURS FOLLOWING AN 
ORAL DOSE OF 2.0 G OF L-TRYPTOPHAN. The abbreviations 
are the same as those used in Table I. The number 
above each bar represents micromoles of metabolite ex- 
creted; the number of subjects in each group is given in 
parentheses. 


kynurenine were excreted, but excretion was nor- 
mal when the diet was supplemented with pyri- 
doxine (27). In contrast, the low excretion of 
o-aminohippuric acid by the pregnant subjects 
in this study was not increased by pyridoxine sup- 
plements (Table 1), suggesting that perhaps hor- 
monal factors were in some way inhibiting the 
kynureninase activity. The excretion of o-amino- 
hippuric acid post partum was restored to normal 
levels even though there was some evidence that 
these subjects were not normal with respect to 
excretion of other metabolites. These data sug- 
gest the possibility that the kynureninase activity 
may be more directly affected by the hormonal 
changes of pregnancy than by the state of pyri- 
doxine nutrition in these subjects. 

Similarly, the increased excretion of kynure- 
nine, hydroxykynurenine and xanthurenic acid 
by pregnant subjects without a corresponding in- 
crease in excretion of kynurenic acid suggests that 
kynurenine transaminase activity is regulated by 
the hormonal status of pregnancy in such a way 
that production of xanthurenic acid is favored 
over kynurenic acid even though high levels of 
both precursors are present. This suggests the 
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possibility that kynurenine transaminase and hy- 
droxykynurenine transaminase might be different 
enzymes under different hormonal regulation, 
Mason and Gullekson (30) reported that certain 
estrogen conjugates inhibited the reactivation of 
resolved kynurenine transaminase and phosphor- 
ylase. Endocrine regulation of other transami- 
nases was demonstrated by Rosen, Roberts and 
Nichol (31), who showed that treatment of rats 
with glucocorticoids resulted in marked increases 
in glutamic-pyruvic transaminase activity in tis- 
sues with negligible changes in glutamic-oxalo- 
acetic transaminase activity. It was suggested 
that these enzyme changes were primarily re- 
sponsible for gluconeogenesis initiated by these 
steroids. 

In previous studies (27) abnormal tryptophan 
metabolism was induced by administration of iso- 
niazid or deoxypyridoxine and these abnormali- 
ties were completely reversed by pyridoxine sup- 
plements, thus suggesting a functional pyridoxine 
deficiency. In such subjects, pyridone yields were 
usually below normal. Similarly, the effect of di- 
etary pyridoxine deficiency in rats was to lower 
the extent of conversion of tryptophan to niacin 
(32, 33). This is in contrast to the relatively high 
efficiency of the pregnant subjects in converting 
tryptophan to niacin even though they were ap- 
parently deficient in vitamin B, as indicated by 
tryptophan metabolites. 
Supplementation of these subjects with pyridoxine, 
while decreasing the excretion of other tryptophan 
metabolites, had no detectable effect on the effi- 
ciency of the tryptophan to niacin conversion. 
This suggests that the increased efficiency of con- 
version found in pregnancy is not due to pyridox- 
ine deficiency as such, but is probably related to 
the endocrine changes associated with pregnancy. 
Similar results were reported by Wertz, Lojkin, 
Bouchard and Derby (34), who found that preg- 
nant subjects excreted increased levels of niacin 
metabolites. Various reports in the literature have 
indicated the influence of endocrine organs on 
tryptophan metabolism. Civen and Knox (35) 
have studied the effect of cortisone on the activity 
of tryptophan pyrrolase, and Chiancone, Ginoul- 
hiac, Mainardi and Tenconi (36) reported that 
ovariectomy or hypophysectomy of rats caused in- 
creased excretion of xanthurenic acid and that 
adrenalectomy caused a decrease. The report by 
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Mehler, McDaniel and Hundley (37) suggests 
that an adrenal mechanism exists for the regula- 
tion of hydroxyanthranilic acid conversion to nic- 
otinic and picolinic acids. The increased efficiency 
of niacin synthesis observed in pregnancy could 
very well be mediated through hormonally regu- 
lated changes in the relative amounts of nicotonic, 


picolinic and quinolinic acids produced. 


While ample evidence exists demonstrating al- 
tered tryptophan metabolism in normal pregnan- 
cies, the present data suggest that the pattern 
of excretion of tryptophan metabolites in preg- 
nancy is different in several respects from the 
pattern observed in vitamin B, deficiency. Those 
differences are probably a result of the endocrine 
changes associated with pregnancy, and the over- 
all excretion pattern of tryptophan metabolites 
observed is probably the result of both a vitamin 
B, deficiency and endocrine changes. 


SUMMARY 


The excretion of the tryptophan metabolites— 
kynurenine, kynurenic acid, acetylkynurenine, hy- 
droxykynurenine, xanthurenic acid, o-aminohip- 
puric acid and N-methyl-2-pyridone-5-carboxa- 
mide—was measured quantitatively in the urine 
of nonpregnant women, pregnant women without 
and with vitamin supplementation, and in the 
same subjects post partum. 

The urinary excretion patterns of metabolites 
suggested a vitamin B, deficiency in pregnancy, 
but the patterns were modified probably by the 
normal hormonal changes associated with preg- 
During pregnancy there was an increase 
in excretion of xanthurenic acid with no change or 
a decrease in the excretion of kynurenic acid, even 
though large amounts of kynurenine and hydroxy- 
kynurenine were excreted. 
olite of niacin (N-methyl-2-pyridone-5-carboxa- 
mide) was also excreted in larger amounts by 
pregnant subjects, suggesting increased efficiency 
of niacin synthesis from tryptophan during preg- 
nancy. 


nancy. 


The pyridone metab- 


Pyridone excretion remained high even 
aiter pyridoxine supplementation had significantly 
lowered the excretion of xanthurenic acid, hy- 
droxykynurenine and kynurenine. Administra- 
tion of vitamins other than pyridoxine had no 
detectable effect on excretion of metabolites. 
Subjects studied at various intervals post partum 
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still excreted somewhat elevated levels of several 
metabolites, suggesting that their metabolism had 
not completely returned to normal. 

Normal nonpregnant women, when tested just 
before or just after menstruation, or during ovu- 
lation, had normal urinary levels of tryptophan 
metabolites, with the exception of hydroxykynu- 
renine, which was significantly decreased after 
menstruation. 
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Although total blood flow, local vascular re- 
sistance, and the tissue metabolic state are estab- 
lished determinants of regional blood flow, the 
physical composition of the perfusing fluid may 
substantially modify the actual flow to a given 
organ. The increased red cell mass of erythremia 
illustrates this fact, since measurements of cere- 
bral blood flow have been among the lowest of 
any clinical situation (1). Altering plasma 
through the production of lipemia has been re- 
lated to slowing of circulation in conjunctival 
vessels (2), and to reduced oxygen tension in the 
brain (3). Similarly diminished levels of myo- 
cardial blood flow and oxygen consumption were 
found in man during postprandial lipemia, return- 
ing to normal during postheparin lipolysis (4). 
This phenomenon in the resting state appeared to 
be concentration dependent, since there was a 
normal myocardial oxygen consumption at rest in 
patients with low lactescence values. Hence, the 
ability to maintain a normal response during a 
period of enhanced myocardial oxygen require- 
ments has been examined in normal subjects per- 
forming moderate exercise during alimentary 
lipemia. 


MATERIALS AND METHODS 


Both the 9 normal subjects studied as controls after 
an overnight fast and the group of 8 studied during the 
postprandial state were selected during the end of the 
recovery phase of their illness just prior to hospital dis- 
charge. All were males and comparable in age distri- 
bution. Similar afflictions were present in both groups, 
usually benign, acute bacterial infections of the lung, 


* Supported by Grant H-1492, National Heart Insti- 
tute, Bethesda, Md.; the Michigan Heart Association ; 
and by the Receiving Hospital Research Corp. 

+ Research Fellow, R. C. Mahon Foundation (1958 
1960). 

t Research 
1959). 


Fellow, Rockefeller Foundation (1958- 


skin or kidney. Patients with probable hemodynamic or 
pathologic alterations of the cardiovascular system were 
excluded. The fasting state was chosen as the most 
suitable standard for comparison rather than a nonlipid 
meal because both mixed and protein feeding have been 
associated with an elevation in cardiac output (5, 6). 
A mixed meal appears to elicit a response that is mani- 
fest by a uniform increase in blood flow to each organ, 
including the myocardium. Since lipid feeding fails to 
modify the cardiac output (6), the comparable systemic 
hemodynamic conditions in the fasting state would seem 
the more appropriate for control purposes. 

The 8 subjects in the postprandial group were fed 1.5 g 
of lipid per kg in cream (36 per cent fat) about 3 hours 
before catheters were placed in the coronary sinus and 
right atrium, and a Cournand needle inserted into the 
brachial artery. Lumens were maintained patent by slow 
saline infusion, excluding the lipid-clearing agents, hepa- 


rin and glucose. 


At approximately 3.25 hours after eating, when a steady 
state had been achieved (4), the first coronary blood 
flow was determined by the nitrous oxide desaturation 
technique (7), immediately followed by simultaneous 
sampling for blood oxygen and carbon dioxide from the 
brachial artery, coronary sinus and right atrium. In 
addition, samples were taken for determination of the 
myocardial arteriovenous difference of lactate (8). Con- 
current collection of expired air was performed for Fick 
cardiac output determination and the brachial artery 
pressure recorded. The validity of high atrial oxygen 
sampling for the cardiac output was established in a 
separate group of 7 resting patients in whom simultane- 
ous atrial and pulmonary arterial samples revealed no sig- 
nificant difference in these mixed venous samples. Pre- 
sumably, the high atrial sampling produces a sufficiently 
mixed sample to preclude streamline artifacts. Whether 
sufficient mixing at this site occurs during the en- 
hanced flow turbulence associated with exercise would 
seem probable but has not been proven. However, any 
enhanced sampling error in individuals should be mini- 
mized in group comparisons. 

Following the resting studies, patients were exercised 
in the supine position on a bicycle ergometer with con- 
stant resistance at a rate of about 30 revolutions per 
minute for 12 minutes. The flow determination was 
begun after 3 minutes of exercise and the above sam- 
pling procedures were repeated. 
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In the group of 8 patients fed cream, serial arterial 
samples for plasma turbidity measurement were secured 
from 2.5 hours after eating, at 15 minute intervals, until 
exercise was begun. Samples were obtained immediately 
before, at 2 minutes of exercise, and again at its conclu- 
sion. These specimens were collected in chilled tubes, 
refrigerated, and read at 650 and 700 mp» on the Cole- 
man Junior spectrophotometer. These are the usual 
wave lengths employed for measuring turbidity and are 
far enough removed from the optimal wave lengths for 
plasma pigments, such as hemoglobin, to avoid inter- 
ference. A comparison of the readings at both wave 
lengths showed the 700 my value to be slightly lower, 
but the relationship of the serial turbidity values at 
either wave length was the same. The readings reported 
are those obtained at 650 mu. 

The development of plasma lactescence during ali- 
mentary lipemia has been alleged to be dependent upon 
triglyceride concentration (9). Several in vitro studies 
have noted a lack of correlation between these two enti- 
ties. More recently, plasma turbidity has been exhibited 
in man after a lipid meal in the absence of significant 
serum triglyceride alteration (10). For these reasons, 
the physicochemical change in blood, shown by lactes- 
cence rather than by lipid concentration, has been cor- 
related with the coronary hemodynamics. 

A valid use of the nitrous oxide method for regional 
blood flow analysis in the circumstances outlined above 
requires that the solubility of this gas in blood be un- 
altered by the quantity of lipids present in the lipemic 
state. That the solubility of nitrous oxide may not be 
affected by lipid is indicated by studies of its solubility 
in brain where it was not significantly greater than that 
of blood (11). The partition coefficient, according to 
Kety and Schmidt (12), would be expected to change 
significantly only with such an altered composition of 
brain or blood as to be incompatible with life. 

The question of possible modification of the partition 
coefficient in the myocardium is a separate consideration 
that is difficult to assess in view of the significant vari- 
ability of results found in normal hearts (7, 13). Dur- 
ing postprandial lipemia, if one assumes lipid concentra- 
tion to be higher in blood than in heart, a possible in- 
crease in nitrous oxide blood solubility would diminish 
the partition coefficient and, thus, the lower than normal 
flows recorded (4) should actually be still lower. 
That nitrous oxide is not more soluble in the postprandial 
lipemic blood was indicated in a prior study (4) by the 
nitrous oxide value of arterial samples after tissue satu- 
ration, achieved by 12 minutes inhalation of this gas. 
The lactescent nitrous oxide values did not differ sig- 
nificantly from the postheparin samples which had cleared 
substantially. Instead of the higher value to be expected 
if the gas were more soluble, the mean lactescent figure 
was 0.2 vol per cent lower than the postheparin value. 
Such an unchanged solubility would also exclude an arti- 
fact in the relationship of the arteriovenous differences. 
In the present study, a solubility change in blood is also 
unlikely since the resting saturation values were identical 
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for both groups and there was no significant difference in 
the exercise saturation values, the lipemic concentrations 
being lower by but 0.04 vol per cent. Thus blood is an- 
other tissue in which lipids do not modify N,O solubility. 

For an enhanced solubility to occur in the myocardium, 
its lipid content would presumably achieve a concentra- 
tion greater than that of blood by 3.75 hours after in- 
gestion of lipid. Since the transport of the principal 
moiety involved in myocardial lipid accumulation, the 
free fatty acids (14), is concentration-dependent and 
does not rise in blood until nearly 4 hours postprandial 
(15), this would appear unlikely. 

The specific situation with which we are concerned en- 
tails the question of whether or not the relatively low 
coronary flow during exercise is artifactual due to a N,O 
solubility change in heart muscle induced by lipid ac- 
cumulation. In five of the seven lipemic individuals. 
plasma lactescence levels did not exceed 0.3 optical den- 
sity unit, the level below which coronary flow is not 
found to be reduced at rest. The normal coronary flow 
recorded at rest implies a normal partition coefficient. 
It is inconceivable that within a 10 minute period of ex- 
ercise the myocardium would accumulate a_ sufficient 
quantity of fat to increase the myocardial/blood parti- 
tion coefficient of N.O. The difference in calculated cor- 
onary blood flow during exercise would appear accounted 
for by the larger (by 1.28 vol per cent) integrated ar- 
teriovenous difference in the lipemic group. 


RESULTS 


The general hernodynamic and myocardial blood 
flow responses to exercise are detailed in Table I 
for the fasting normal subjects and in Table II for 
the lipemic subjects. A nearly threefold increase 
of total body oxygen consumption in the fasting 
group was associated with a rise in left ventricu- 
lar myocardial oxygen usage from 8.48 to 12.56 
ml per 100 g LV per minute. This nearly 50 per 
cent change was achieved principally by a blood 
flow increment with a small contribution by en- 
hanced myocardial oxygen extraction. 

A significantly different response in these pa- 
rameters was found in the alimentary lipemic sub- 
jects as outlined in Table II. A prior study of 
the lipemic state at rest (4) had indicated that a 
reduced myocardial blood flow existed at turbidity 
levels above 0.3 optical density unit. Only two 
of the eight lipemic subjects in the present study 
had resting turbidity values above this level and 
these had flows below the mean normal value in 
accord with the earlier observations. 

An equivalent degree of exercise in the ali- 
mentary lipemic subjects produced a 1.53 ml per 
100 g LV per minute increment in myocardial 
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oxygen usage, significantly less than the 4.08 ml 
increase in the fasting normals. The chief factor 
responsible was the minimal 12 ml increase in 
coronary blood flow. While the flow response 
was not completely uniform, the arbitrary ex- 
clusion of individuals would not seem warranted. 
The inability to achieve an identical exercise re- 
sponse as exhibited by the total body oxygen us- 
age increments must be considered an important 
variable. Also the somewhat greater response of 
the lipemic group in the other parameters that 
may influence myocardial oxygen usage, namely, 
cardiac index, pulse rate, mean arterial pressure 
and stroke work, suggests that any bias intro- 
duced would act against the actual observations 
in the lipemic group. In particular, the exces- 
sive response in the lipemic subject, M.M., was 
associated with a 43 per cent rise in coronary flow. 
With the exclusion of this subject, the coronary 
flow rise in the controls is of the order of 40 per 
cent compared to 12 per cent in the lipemic group. 
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A contributing factor to the observed differ- 
ence in oxygen usage was the failure of an oxygen 
extraction increment to occur during exercise. 
The mean value was significantly different from 
the increase occurring in the fasting normal sub- 
jects (p < 0.03). In fact, with the exclusion of 
the one fasting normal subject who failed to en- 
hance oxygen extraction, there was but one con- 
trol subject whose myocardial oxygen consump- 
tion fell within the range of the lipemic group. 

The finding of only one control subject in 
whom the oxygen extraction diminished is in ac- 
cord with an earlier study in which only 2 of 13 
patients had diminished oxygen extraction during 
exercise (16). The arterial oxygen content and 
capacity rose as much in the lipemic group as in 
the control so that oxygen availability is not lim- 
ited by these factors. The higher degree of venous 
extraction in the lipemic group at rest may have 
accounted for the diminished extraction during 
exercise. However, a relationship between oxy- 


TABLE I 
Myocardial blood flow and oxygen consumption of normal fasting subjects during rest and exercise 


LV 
stroke 
work 
index 


Art. 
oxygen 
saturation 


Art. 
oxygen 
content 


Mean 
art. 
pressure 


Coronary 
blood 
flow 


Subject, 
ardiac 


sump- 
index 


tion 


ml/100 
min 


ml/min L/min mm Hg g-m 
Rt 74 
Et 106 542 4.50 98 

&3 3.54 80 
474 


208 


239g «(2.75 94 


5.80 84 
3.5 


160 


403 
244 


3.9 


3.33 
621 5.30 
2.58 
454 


222 


5.30 
3.61 
631 
218 


4.75 
3.58 
614 
232 


6.27 
2.94 
5.82 


7.44 3.23 
10.23 


8.48 


598 
219 


4.20 
3.22 


5.09 


12.56 560 


* Age in years; BSA =body surface area in square meters. 
+ R =values at rest; E =values on exercise. 


as 4 
' 
Oxygen oxygen 
BSA * diff. tion rate 
1.87 14.16 96.7 
W.A. 5 14.60 95.4 
30 
1.59 15.54 95.0 
R.N. 83 11.2 9.3 = 47.5 15.81 
39 
e 1.09 108 11.3 12.3 = 118 95 38.8 16.25 oa 
ALK. 79 11.07 8.75 83 93 50.9 16.11 93.0 
26 
a 3 1.83 122 11.86 14.40 112 104 66.9 16.21 94.3 Re 
eH F.K. 76 12.55 9.56 88 94 37.5 18.13 99.5 as 
Pie 1.57 104 13.36 13.90 106 101 68.7 18.19 100.3 c 
L.F. 83 10.6 8.84 65 90 67.9 14.82 94.5 a 
41 
ode 1.81 105 10.2 10.7 93 102 71.0 15.41 95.8 7 
H.W. 83 10.0 8.25 65 100 74.8 16.57 94.4 
ie 1.66 103 10.6 10.92 82 102 106.1 17.19 94.0 a 
Seid CD. % 8.85 8.50 74 99 53.4 13.55 
hes 1.75 116 9.41 10.92 711 96 111 91.7 13.87 94.6 ae 
79 9.41 64 92 59.4 15.36 91.9 
Se 1.88 89 11.15 89 95 61.2 16.59 95.5 7 
Mean 82 10.39 77 92 53.3 15.39 94.9 
values 
ee 113 11.10 = 98 99 70.9 15.93 95.7 ee 


TABLE II 
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Effects of alimentary lipemia upon myocardial blood flow and oxygen consumption of normal 
subjects at rest and during exercise 


Total 


Oxygen oxygen 


Subject, Optical Coronary A-V con- con- Mean stroke Art. Art. 
Age, density blood | sump- sump- Carvliac Pulse art. work oxygen oxygen 
BSA * units flow diff. tion tion index rate pressure index content saturation 


ml/ vol % ml/ ml/min L/min mm Hg g-m vol % % 
100 g/ 100 g/ 
min min 
77 13.73 10.50 232 2.61 90 98 38.4 14.64 92.0 


647 
267 
692 
232 


700 
244 


865 
230 


484 


12.20 
7.66 


92 
82 


13.24 
9.33 
8.36 
11.55 
11.36 
14.35 
13.42 
12.90 
12.52 
10.60 
12.26 
11.78 
11.17 
12.95 


5.85 


10.33 


13.82 
10.45 
12.65 
8.36 


367 
295 


9.44 
7.60 


9.04 674 


8.87 


11.51 


13.29 
12.14 
11.95 


256 


642 


10.64 


Statistical 
significance§ p <0.05 p <0.03 p <0.03 NS 


15.29 
16.51 


7.06 
2.52 


6.28 


16.30 
15.54 
15.93 
18.00 
17.72 
17.54 
17.78 
18.17 
18.61 
16.29 


16.70 
16.46 


16.19 
16.64 


NS NS NS NS NS NS 


* Age in years; BSA =body surface area in square meters. 
t R =values at rest; E =values on exercise. 
i Nitrous oxide curve unsatisfactory. 


Nonpaired comparison between changes in the fasting and lipemic group. NS =not statistically significant. 


gen extraction during exercise and the level at rest 
has not been found (16). A greater increment 
has actually been observed in patients with resting 
extractions above 11.0 vol per cent than in those 
below. Furthermore, the relatively low coronary 
blood flow in lipemic subjects would usually be 
expected to enhance oxygen extraction. 

It is notable that in all but one lipemic subject 
the turbidity of the plasma was increased during 
the period of exercise, by a mean of 0.13 optical 
density unit for the group. A significant rise was 
not found in five fasting subjects, but at turbidity 
levels of 0.04 U a proportionate lipid rise may 
occur in this group that is not substantial enough 
to influence optical density. The rise in the lipe- 
mic group occurred within a period of 12 min- 
utes and may be partially accounted for by reason 
of sampling during the postprandial phase of ris- 
ing plasma lipid concentration. This degree of 
change, however, has not been found within a 


similar period in sequential samples from resting 
lipemic patients, the mean rise of 0.02 + 0.03 
bearing no significance. This phenomenon of 
rapidly enhanced plasma turbidity during exer- 
cise has been observed earlier (17). 

Since metabolic factors within the myocardium 
may exert a controlling influence upon myo- 
cardial oxygen, the respiratory quotient of the 
heart has been employed as an approximate index 


Rest FASTING LIPEMIC 
Exercise STATE (6) STATE (6) 
0.80 -- 
0.60}- 
Respiratory 
quotient 
0.20- 
fe) 


Fic. 1. MyocaArDIAL RESPIRATORY QUOTIENT AT REST AND 
DURING EXERCISE. 


{ 
4 


Ke 
body 
L\ 
41 
1.94 Et 0.14 | 107 108 96.8 96.7 
0.18 90 76 28.9 97.2 
1.90 0.35 70 105 80 65.1 93.4 
36 
i M.M. 0.26 72 — 3.34 62 80 58.6 96.8 
23 
* 1.84 0.48 103 | 9.89 110 102 124.7 96.0 ee 
: E.P. 0.29 81 2.85 94 90 37.0 94.9 a 
36 
2.02 0.42 101 = 3.51 116 95 38.5 96.4 . 
C.W. 0.29 83 231 4.15 84 83 53.8 92.3 Gee. 
37 
; 1.75 0.46 77 | a 4.55 91 92 62.5 93.9 
j.S. 0.62 65 4.09 74 91 68.4 96.4 o 
26 
At 1.86 1.20 81 fr 5.59 102 100 74.5 | 99.6 
: W.P. 0.78 68 — 317 3.11 89 82 39.08 98.9 
33 
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Rest 
Exercise LIPEMIC 
STATE (6) 
FASTING 

STATE (6) 


MYOCARDIAL ARTERIOVENOUS 
LACTATE. 


Fic. 2. DIFFERENCE OF 


of relative foodstuff utilization by the myocardium. 
As indicated in Figure 1, the resting respiratory 
quotient was nearly the same in both the fasting 
and alimentary lipemic groups, reflecting a simi- 
lar proportionately high usage of lipid in these 
circumstances. <A _ slight, but parallel, rise was 
seen during exercise, so that no difference in food- 
stuff utilization would account for the discrepancy 
in myocardial oxygen usage. 

To assess the possible presence of myocardial 
ischemia during the course of exercise in the lipe- 
mic subjects, an attempt to detect enhanced gly- 
colysis by the heart was made by appraising lactate 
arteriovenous differences. As depicted in Figure 
2, no enhancement of lactate production by the 
heart occurred. The slightly greater increase in 
the positive arteriovenous difference of the lipe- 
mic group appeared due to higher arterial con- 
centrations. 

DISCUSSION 


The lower than normal level of oxygen consump- 
tion in the myocardium of lipemic subjects during 
exercise agrees with the concept that the blood 
flow to certain organs may be impaired by a 
change in the physical consistency or viscosity of 
blood. Thus, reduced flow to the brain (1) and 
myocardium (18) have been observed in polycy- 
themia vera. That this reduced regional blood 
flow is more a function of viscosity change than 
of increased oxygen carrying capacity is suggested 
by the effects of acutely increasing red cell mass. 
Despite a rise in left heart work in this situation, 
the simultaneous reduction in coronary flow is 
not associated with a sufficient oxygen extraction 
increment to increase myocardial oxygen uptake 


(19). Further, the reduction in cardiac output 
during normovolemic polycythemia is dispropor- 
tionately great for the degree of hematocrit rise, 
suggesting a viscosity effect (20). 

The altered physical state of plasma, shown by 
lactescence during alimentary lipemia, has been 
associated with reduced oxygen tensions in the 
brain (3) and skeletal muscle (21), and with a 
lower level of myocardial oxygen consumption in 
the resting normal subject (4). One cannot ex- 
clude an unknown tissue metabolic influence in the 
production of this effect, although the rather paral- 
lel respiratory quotient changes found in the myo- 
cardium of both groups during the exercise pe- 
riod provide some evidence against a substantial 
metabolic change in this organ. That the re- 
duced oxygen usage during lipemia may be a cir- 
culatory phenomenon is suggested by the visual 
observation of slowing of circulation with red cell 
aggregation in the conjunctival vessels of man 
(2). 

The different methodologies used in the re- 
gional studies cited make it difficult to gainsay the 
conclusion that the blood flow to certain organs is 
reduced during lipemia. The normal cardiac out- 
put, however, implies that other regions yet to be 
measured undergo a flow increment. A _ similar 
discrepancy seems to exist in polycythemia vera 
where certain regions have reduced blood flow 
(1, 18), but total blood flow has been found to be 
elevated (22). 

The relatively low blood flow through the coro- 
nary vessels during lipemia appears to reflect a 
rise in total resistance to flow, as the difference 
in arterial pressure rise of both groups was not 
significant, the absolute levels in fact being the 
same during exercise. Since a differential effect 
of extravascular compression upon the coronary 
vessels would seem unlikely as an explanation for 
the coronary flow difference, the alleged viscosity 
increment during alimentary lipemia (23) would 
appear to be the major determinant of the change 
in total resistance. 

An increase in the ratio of left ventricular ex- 
ternal work to oxygen consumption implies a 
greater mechanical efficiency in exercised lipemic 
than in fasting control subjects. This would ap- 
pear to be a real difference since the discrepancy 
in oxygen usage between the two groups is too 
large to be accounted for solely by a lower oxygen 
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MYOCARDIAL O, CONSUMPTION DURING EXERCISE IN FASTING AND LIPEMIC SUBJECTS 


usage during diastole when no external work is 
performed. Moreover, this degree of limitation 
of myocardial oxygen usage in normals was not 
sufficient to impair mechanical function of the 
heart, since lipemic patients performed as well 
during exercise as nonlipemic subjects. This 
conclusion would appear warranted even without 
filling pressure data, since, if one assumed a 10 
mm Hg rise on exercise in lipemic subjects above 
that occurring in the nonlipemic subjects, the per- 
centage increase in left heart work would be com- 
parable in both groups. 

The lack of development of an oxygen debt in 
this circumstance is paralleled by other situations 
in which mechanical work is proportionately 
greater than the oxygen usage of the heart. 
Thus, chronic atrioventricular block has been as- 
sociated with a doubling of efficiency in the ca- 
nine heart compared with vagotomized controls 
(24). A fourfold enhancement of left ventricu- 
lar mechanical efficiency has been observed dur- 
ing intravascular volume expansion without evi- 
dence of a significant oxygen debt (25). There 
is also some indication that in high output states 
estimated efficiency during exercise may as much 
as double without evidence of cardiac dysfunc- 
tion (16). Therefore, the apparent 65 per cent 
increase in efficiency in lipemic subjects during 
exercise is compatible with normal cardiac func- 
tion, and does not induce ischemic effects in the 
normal heart. This fact is supported by the data 
on myocardial lactate extraction. 

While the quantity of lipid fed to these subjects 
is abnormal, the finding of reduced myocardial 
oxygen usage in those with low lactescence values, 
demonstrable only on exercise, is of some interest. 
Moderate fat loads, such as might be eaten in a 
normal meal, are apparently reflected by some 
plasma turbidity during the period of absorption 
(26). If such a response reaches the degree of 
lactescence reported here, it is conceivable that a 
normal mixed meal may be attended by a rela- 
tively reduced coronary flow during exercise. 


SUMMARY 


An evaluation of the effects of alimentary lipe- 
mia upon myocardial performance during exer- 
cise has been undertaken by comparing the re- 
sponse of nine fasting and eight lipemic subjects. 
In the former group, a nearly threefold rise of 
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total body oxygen consumption during exercise 
was attended by a 4.1 ml per 100 g per minute 
increase in left ventricular oxygen consumption. 
Similar exercise in the lipemic subjects, 3.5 hours 
post prandial, produced a significantly smaller 
increment of 1.53 ml per 100 g left ventricle per 
minute. This limited response was largely ac- 
counted for by a smaller coronary blood flow rise, 
presumably due to a change in the physical com- 
position of blood during plasma lactescence. In- 
terference with the process of oxygen diffusion 
across myocardial capillaries is implied by the 
fact that on exercise the usual enhancement of 
myocardial oxygen extraction failed to occur in 
the lipemic group. 

Despite these findings, the mechanical perform- 
ance of the heart was normal and lipemia was as- 
sociated with no evidence of myocardial ischemia, 
as judged by lactate extractions. The possibility 
is considered that this lipemic effect on myocardial 
blood flow and oxygen consumption during exer- 
cise may occur at low plasma lactescence levels 
following a more usual meal. 
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the AFCR) ; and on Monday, May 1, at 9:00 a.m., at the Casino Theater on the 
Steel Pier. 
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afternoon and evening, April 30, 1961, a joint sectional meeting with THE 
AMERICAN SOCIETY FOR CLINICAL INVESTIGATION will be held 
in rooms in the Chalfonte-Haddon Hall. 


THE ASSOCIATION OF AMERICAN PHYSICIANS will hold its 
Seventy-Fourth Annual Meeting in Atlantic City, N. J., at the Casino Theater 
on the Steel Pier on Tuesday, May 2, 1961, at 9:30 a.m., and in the Carolina Room, 
Chalfonte-Haddon Hall, on Wednesday, May 3, 1961, at 9:30 a.m. 
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A large body of evidence relates the immune 
response accompanying the rejection of a skin 
homograft to the type of immunologic reaction 
which manifests itself in guinea pigs and human 
beings as hypersensitivity of the “delayed type” 
(1). A classic example of this reaction is the de- 
layed type of inflammation and swelling that re- 
sults from the intradermal injection of tubercu- 
lin into a sensitized recipient. Of interest in the 
homograft reaction is the fact that this tuberculin 
reactivity can be transferred from one animal to 
another by means of sensitized lymphoid cells as 
can transplantation immunity (1). In further 
support of the analogy between these two types of 
immunity, Brent, Brown and Medawar have re- 
cently shown in guinea pigs that the rejection of 
a skin homograft is accompanied by a delayed type 
of cutaneous hypersensitivity to donor leukocytes 
administered either as a suspension of living cells 
or as a cell-free extract (2). The reaction elicited 
by the intradermal injection of donor antigen is 
called by them “‘the direct reaction.” A similar 
type of reaction reaching its maximum somewhat 
more slowly and declining more slowly than the 
direct reaction is produced by the intradermal in- 
jection of cells from the lymph nodes of the sen- 
sitized homograft recipient into its donor. This 
response they call “the transfer reaction.” The 
present experiment reports extension of these 
observations to humans following the production 
of transplantation immunity. 


* This work was supported in part by the United States 
Army Medical Research and Development Command, 
Department of the Army, under Contract no. DA-49-007- 
MD-429; the National Heart Institute, National Insti- 
tutes of Health (no. H-444-C10); and the Massachu- 
setts Heart Association. 
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METHODS 


Nineteen human volunteers received full thickness skin 
grafts from 19 donors. Grafts were placed on the upper 
extremity along with a control autograft. Eight recipi- 
ents received two grafts and the remainder, one graft. 
The donor and recipient pairs varied from totally non- 
related individuals to parent and child and closely re- 
lated dizygotic twins. The time of beginning of gross 
rejection of the skin grafts, judged by edema and by loss 
of capillary blanching, ranged from 6 to 26 days. Fol- 
lowing the rejection of one or both homografts, intra- 
dermal tests were performed in the recipients employing 
leukocytes harvested from the peripheral blood of the 
donor. Twenty-five to 30 ml of venous blood was col- 
lected in a syringe containing 1 ml (10 mg) of heparin 
(Liquaemin, Organon) and 1.5 ml of a 20 per cent solu- 
tion of dextran with an average molecular weight of 
188,000.1 A cork was placed on the needle of the syringe, 
the syringe inverted and blood allowed to sediment at 
4° C. When adequate sedimentation had occurred, a 
plasma and white cell layer remaining at the top of the 
sedimented column of blood was expressed slowly through 
the needle and the plasma and white cell-rich plasma 
were harvested separately. Donor white cells (average 
dose, two million cells), donor plasma and donor red 
blood cells were injected intradermally as were similar 
quantities of autologous white cells, plasma and red 
In seven experiments, sonic lysate of donor cells 
was also injected. This lysate was prepared by the 
method of Billingham, Brent and Medawar (3), who 
showed it to contain antigenic material active in ac- 
celerating the rejection of transplanted skin. In all 
cases white cells, plasma and red cells from nondonor 
humans were also injected. As controls, 51 patients 
with various forms of disease were injected with autolo- 
gous and homologous white cells prepared in a similar 
fashion (4). The reactions were observed at 1, 8, 24 
and 48 hours. The criterion for a positive result was an 
erythematous area with at least a 10 mm area of indura- 
tion, graded separately by two observers. Character- 
istically, a positive reaction began at 8 to 12 hours, was 
maximal at 24, and began to fade at 36 hours. The 


1 Grade H, A. K. Larus Company, Bethlehem, Pa.; lot 
no. H12757. 
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Fic. 1. HiIsToLoGICAL SECTION OF SKIN BIOPSY FOR “POSITIVE” INTRADERMAL TEST AFTER 
INJECTION OF DONOR LEUKOCYTES. A. This field represents the deeper dermis; the cellular 
reaction seems more intense here than in the upper dermis, although the predominant cell is the 
neutrophilic polymorphonuclear cell. There are also moderate numbers of mononuclear cells 
and occasional eosinophils. This is the distribution of cells seen in a delayed hypersensitivity 
reaction at 24 hours (hematoxylin and eosin; magnification X 400). B. Skin-epidermis and 
upper dermis of skin site shown ai 24 hours after inoculation of autologous buffy coat. Little 
nuclear debris is present and no intact leukocytes are noted. The defect in the lower field is 
incidental to the inoculation and contains fragmented collagen and occasional erythrocytes 
(hematoxylin and eosin; magnification X 400). 
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TABLE I 


Number of grafts 
(one) (two) 


Recipients 19 11 8 
Positive reaction to intradermal Donor cells > nondonor cells 
leukocytes 
Donor cells < nondonor cells 
Autologous cells 


Positive 5 
Negative 2 


Donor lysate 


volume of suspended cells was adjusted to 0.1 ml in a 
tuberculin syringe. Injection of this amount of material 
may rise to an immediate bleb of 8 to 10 mm, which 
gradually fades over a period of 6 to 8 hours and is 
characteristically accompanied by little induration. Only 
these reactions which increased from the twelfth to the 
twenty-fourth hour were characterized as positive. 


RESULTS 


The 51 control patients injected with homolo- 
gous white cells [discussed in a previous paper 
from this laboratory (4) ] failed to react to them. 
The results of the patients who had rejected skin 
homografts are summarized in Table I. In 16 
instances, the reaction to donor cells was greater 


than that to nondonor cells, although both were 
positive by our criterion, In three instances, non- 
donor cells gave rise to a greater reaction than 


that caused by specific donor cells. Two indi- 
viduals showed a positive reaction to their own 
white cells, but in no instance was the reaction 
greater than that to donor or nondonor homolo- 
gous cells. There were no positive reactions to 
donor red cells or to plasma alone. In five in- 
stances, injection of the water-soluble sonic ly- 
sates of donor cells induced a positive reaction 
which was uniformly less pronounced than that to 
fresh living cells. In all cases wherein reaction 
to donor lysate was positive, reactions to lysate of 
nondonor homologous cells were also positive. In 
two instances, lysate of donor cells failed to cause 
a positive reaction, whereas whole living cells in- 
duced a positive reaction. Histological sections 
of biopsies through a “positive” reaction and a 
negative control are shown in Figure 1.? 


DISCUSSION 


The significance of the positive intradermal 
tests depends largely upon the negative results in 


2Dr. Gustave J. Dammin has kindly prepared and de- 
scribed the histological material. 
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the control studies. In our control series, a group 
of 51 patients with various diseases, including ac- 
tive rheumatic fever, showed negative reactions to 
both autologous and homologous leukocytes simi- 
larly prepared in doses ranging from three to 
nine million cells per dose. Higher doses than 
this, even of autologous cells, may give positive 
skin reactions in normal individuals. Lawrence 
(5) has reported a higher incidence of positive 
skin reactions than that found in the present in- 
vestigation in control patients challenged with 
leukocytes intradermally. His 
method of preparation, however, was different 
from ours in that bovine fibrinogen was employed 
as the sedimenting agent, and the dosage of leu- 
kocytes in each intradermal site was not ascer- 
tained. Moreover, the total dosage of leukocytes 
for each recipient was governed by the require- 
ments for the transfer of delayed sensitivity to 
bacterial antigens. Holman (6) found positive 
reactions to the intradermal injection of white 
cells in one of six patients with rheumatic 
fever and in two of four patients with coronary 
occlusion. Six normal individuals and ten other 
patients with various diseases had negative reac- 
tions. However, Holman found positive reactions 
in two of five patients with rheumatoid arthritis. 
Two of seven patients with rheumatoid arthritis 
whom we tested had positive reactions. This 
latter result is not surprising in view of the posi- 
tive reactions to the intradermal injection of au- 
tologous and homologous leukocytes in patients 
with disseminated lupus erythematosus (4) and 
of the immunologic “overlap” between the two 
diseases. Holman’s technique differed from ours 
in using homogenates of autologous cells rather 
than whole cells, and this fact might explain in 
part the difference from our results. It can only 
be re-emphasized, therefore, that under the par- 
ticular circumstances of our experiment, the 51 
control patients showed negative reactions to the 
intradermal injection of homologous leukocytes. 


homologous 


This work appears to confirm in humans the re- 
sults Brent and associates obtained in the guinea 
pig (2). In our work, however, only the “direct 
reaction” was tested. The number of positive re- 
actions with nondonor homologous cells suggests 
that the reaction is not entirely specific for donor 
tissue. This finding is contrary to the results in 
the single human reported by Martin, Waite and 
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McCullough (7). These authors produced a de- 
layed cutaneous reaction of hypersensitivity to 
viable donor leukocytes by their intradermal ad- 
ministration to a patient with hypogammaglobu- 
linemia, 250 and 266 days after transplantation 
of lymph nodes from the donor. In their case, 
injection of autologous leukocytes caused no reac- 
tion, and a similar result was obtained with an 
equal number of leukocytes derived from three 
normal nondonors. The number of leukocytes 
employed, however, was only one-third of the 
number used in our experiments. Brent and co- 
workers (2) mention in the discussion of their 
work with guinea pigs that the reaction “depends 
upon the sensitization toward antigens present in 
animals whose tissues provoke the state of sen- 
sitivity in the first instance.” They go on to say 
that the presence of these antigens in the donor 
does not imply that they are absent from any 
other guinea pig chosen at random from a hetero- 
geneous stock. Since our human patients were 
certainly “heterogeneous stock,” it is not surpris- 
ing that this reaction is not entirely “individual 
specific.” Actually, in the work reported by 
Brent and associates, the intradermal reaction was 
uniformly positive for the donor strain but was not 
tested against leukocytes from other strains of 
guinea pigs from which a cross reaction might 
have been obtained (2). The lack of individual 
specificity for the homograft donor is of particular 
interest as it relates to the rejection of homografts 
by man. The actual rejection of cutaneous homo- 
grafts appears to be a highly individual, specific 
phenomenon in both purebred strains of mice and 
in man. The previous rejection of a skin graft 
in both species will result in an immunity which 
causes the accelerated rejection of a second graft 
from the same donor. However, preliminary re- 
sults from our laboratory suggest that previous 
immunization of humans by the intradermal in- 
jection of donor leukocytes results not only in ac- 
celerated rejection of skin from the specific donor 
but of skin from nondonors. This fact, plus the 
results mentioned above, suggests that immuniza- 
tion with peripheral leukocytes is not as specific 
as immunization by transplantation of skin. This 
fact may be due perhaps to a difference in anti- 
genic structure between skin and leukocytes or 
possibly to the degradation of their antigenic 
structure by processing of the leukocytes. The 


MERRILL, FRIEDMAN, WILSON AND MARSHALL 


lack of consistency in our results might also be 
explained by the fact that the antigens in our 
studies were peripheral leukocytes, a heterogene- 
ous cell population, probably of more varying 


antigenicity when compared with the more homo- 
geneous cell population of the lymph nodes and 
spleen preparations of Brent and co-workers. 
Our preliminary results with extracted antigen 
differ from Brent’s in that the reactions were 
considerably weaker and less specific. Brent 
states that “extracted splenic antigen gives more 
regular results in the direct reaction than living 
donor cells and is to be preferred on all counts 
except speed and convenience of preparation” 
(2). In Brent’s experiments with guinea pigs, 
the cell-free antigen extracted from 50 mg of 
splenic tissue elicited a result comparable to that 
of 12 million living cells. In our experiments, 
however, with a much larger subject (man) only 
two million cells were used. In the work of 
3illingham and associates, the antigenicity of the 
cell-free extract was only 1/100 as potent per mil- 
ligram of nitrogen as that of living cells (3). 
The antigenic material in our lysate preparation 
must have been considerably less potent for the 
recipient than that used in Brent’s experiments. 
In part, therefore, our divergent results with a 
limited number of injections of lysate may be ac- 
counted for by differences in dosage and by the 
effect of the method of the preparation upon the 
potency of the material. This idea is supported 
by our observations that, where injection of ly- 
sate gave a positive reaction, the injection of liv- 
ing cells was invariably positive and that, in two 
instances in which the injection of lysate was fol- 
lowed by a negative reaction, the living cells gave 
a positive reaction. 

The relation of the mechanism of the rejection 
of the skin homograft and that of delayed hyper- 
sensitivity has been the subject of some specula- 
tion. It is possible that a weak state of immunity 
results in the rejection of a first set homograft 
and in the production of a delayed type of intra- 
dermal sensitivity, whereas a hyperimmune state 
associated with circulating serum antibodies may 
result in the direct or “Arthus” phenomenon (1) 
and in the nonvascularized “white graft’ in the 
case of skin transplantation (8). It is possible 
that both these mechanisms may simply be vari- 
ants of the same immune response differing only 
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in the quantitative aspect. If this is true and if 
both the classical homograft rejection and the de- 
layed type of cutaneous sensitivity depend upon 
contact of antigen with a previously sensitized 
lymphocyte, the delay in both instances may rep- 
resent time for liberation of antigen (in the case 
of the injected intradermal leukocytes) plus the 
accumulation of “sensitized” lymphocytes from 
the circulating lymphocyte population. One other 
point might be included in comparing the present 
results to animal work insofar as an analogy be- 
tween homograft immunity and other types of 
“delayed sensitivity” is concerned. Intravenous 
injection of antigen does not give rise to delayed 
hypersensitivity, whereas the intradermal or sub- 
cutaneous injection of antigen does. Similarly, 
the placing of a skin homograft, which is essen- 
tially a subcutaneous antigen, causes accelerated 
rejection of a subsequent homograft from the 
same donor; whereas prior intravenous injection 
of epidermal cells causes, if anything, an increase 
in the survival time of subsequently transplanted 
skin (9). It is of interest in this regard that 


among our 51 controls were 10 patients who had 
received multiple transfusions presumably con- 


taining white blood cells and that none of these 
recipients of intravenous white cells had a sub- 
sequent positive cutaneous reaction to the in- 
tradermal injection of leukocytes. 

Brent and associates have suggested that the 
delayed type hypersensitivity reaction may be 
common to the tuberculin test, to the homograft 
reaction, and to the autoimmune diseases. Such 
a disease is disseminated lupus erythematosus in 
which circulating antibodies are found which 
react with the patient’s own nuclear material. 
If such nuclear material were injected intrader- 
mally, therefore, one might expect a similar type 
of delayed hypersensitivity. This finding has 
proved to be the case (4). 


SUMMARY 


The immunity occasioned by the rejection of a 
skin homograft in man is manifested by delayed 
intradermal sensitivity following injection of do- 
nor white blood cells. Unlike the immunity oc- 
casioned by the rejection of a previous skin homo- 
graft itself, under the conditions of our experi- 
ments, this reaction is not specific for donor 
leukocytes but may be elicited by the injection of 
nondonor leukocytes into a sensitized recipient. 
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Physical, chemical and metabolic alterations 
are known to occur during the in vivo aging of 
the normal human erythrocyte (1-16), including 
changes of hemoglobin molecular structure (14— 
16). There have been no reports of the influence 
of erythrocyte age upon the erythrocyte’s func- 
tion of oxygen transport. 
to determine whether a change in oxyhemoglobin 
dissociation occurs with aging of the normal hu- 
man erythrocyte. 

Any observed differences of oxyhemoglobin 
and young 
erythrocytes would require consideration of an 
age-dependent alteration of erythrocyte: meta- 
bolic activity, cell membrane function, electro- 
lyte composition, small molecules and metabolites, 
and macromolecules, including hemoglobin itself. 
The plan of this study was designed to consider 
these possibilities by studies of hemoglobin: 7) 
contained within intact viable erythrocytes, and 
2) freed of erythrocyte influence by hemolysis and 
subsequent dialysis. 


Our purpose has been 


dissociation characteristics of old 


METHODS 


It has been well established that the aging erythrocyte 
increases in density (5, 7, 10, 11). Following conven- 
centrifugation of blood containing Fe™-labeled 
hemoglobin, several investigators have consistently ob- 
served that the top layers of the packed red cells con- 
tain cells of younger than average mean cell age, 
whereas the bottom layers contain cells of older than 
average mean cell age (5, 7, 10, 11). Ultracentrifuga- 
tion modifies this technique only by applying a much 
greater gravitational force thereby improving the sepa- 
ration of cells according to age (11). Ultracentrifuga- 


tional 
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tion is used in this study as the means of separating 
older cells from younger cells. 

Oxyhemoglobin saturation was measured at an ar- 
bitrarily selected Po, of 30 mm Hg and Pco, of 42 mm 
Hg in young and old intact erythrocytes, and in dialyzed 
hemolysates of young and old erythrocytes. 

Intact erythrocytes. Blood samples were taken from 
the arm veins of 10 young, healthy, male medical stu- 
dents and interns. Heparin was used as an anticoagu- 
lant. Each sample was immediately cooled to 0° to 4° C 
and maintained at this temperature, except where other- 
wise specified. The buffy coat was removed following 
brief preliminary centrifugation at 1,200 G (2,600 rpm, 
radius 16 cm). Ultracentrifugation for 2 hours at 67,- 
000 G at the tip (22,500 rpm, radius 11.9 cm) was car- 
ried out as described by Rigas and Koler (11). The 
Lusteroid containers were cut transversely and three 
equal layers of packed erythrocytes were separated, con- 
sisting of top, middle and bottom thirds; the middle third 
was discarded. The top and bottom thirds will be sub- 
sequently referred to as top layer cells and bottom layer 
cells, each nonspecifically as a cell layer. The cell layers 
were washed four times with separate samples of the 
subject’s plasma, thereby removing all free hemoglobin. 
The packed top and bottom cell layers were separately 
suspended in samples of the subject's plasma, providing 
in each a hemoglobin concentration approximately equal 
to that of the original whole blood sample. 

Equilibration of the cell layers with gas mixtures was 
accomplished in a modification of the open-circuit to- 
nometer system of Bjérk and Hilty (17). The gas mix- 
tures, prepared and stored under pressure in gas cyl- 
inders, were analyzed for their fractional compositions 
of oxygen and carbon dioxide by the Scholander micro- 
volumetric gas analyzer (18). The temperature of the 
water bath was kept at 37.16° C (+0.001° C). The 
gas mixture was finally ejected from the tonometer sys- 
tem at a measured depth under water. By varying this 
depth each day by an amount sufficient to compensate 
for fluctuations of barometric pressure, it was possible 
to maintain constancy of Po. and Peo, in the tonometer 
chamber. Under the conditions of this technique, equili- 
bration of cell layer and gas mixture was always com- 
plete within 20 minutes. 

The temperature of 37.16° C during equilibration per- 
mitted continuous glycolysis with accumulation of acid 
metabolites. The increasing acidity during the equili- 
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bration period by itself decreased oxygen and carbon 
dioxide contents of the cell layers. (The use of gly- 
colysis-inhibiting agents, such as sodium fluoride and 
diiodoacetate, always resulted in excessive hemolysis. 
By permitting glycolysis to occur, hemolysis was always 
avoided.) Ata Po, of 30 mm Hg and Peco, of 42 mm Hg, 
the simultaneous decrease of oxygen and carbon dioxide 
contents was curvilinear as shown in Figure 1. During 
equilibration at a Po, of 147 mm Hg and Pco, of 42 mm 
Hg for the measurement of oxygen capacity, carbon diox- 
ide content decreased without alteration of oxygen con- 
tent. 

In order to assess the relation of blood oxyhemo- 
globin to carbon dioxide content under changing con- 
ditions of acidity, each cell layer was separated into 
three 2 to 3 ml aliquots, and each in turn was equili- 
brated in the tonometer chamber. Two of the aliquots 
were equilibrated at a Po, of 30 mm Hg and Pco, of 42 
mm Hg, one for 20 minutes and the other for 60 min- 
utes. The third aliquot was equilibrated at a Po. of 
147 mm Hg and Pco, of 42 mm Hg for 20 minutes. 
Following equilibration, a small syringe moistened with 
heparin was attached to the aspirating needle. The to- 
nometer gas was admitted to and expelled from the 
syringe six times. The equilibrated aliquots were then 
aspirated into the syringe and promptly analyzed for 
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their oxygen and carbon dioxide contents by the Van 


Slyke-Neill manometric technique (19). Dissolved oxy- 
gen content was calculated (20) and subtracted from the 
total oxygen content to determine oxyhemoglobin con- 
tent. The oxyhemoglobin content of the aliquot equili- 
brated at a Po, of 147 mm Hg was the oxygen capacity 
of its cell layer. The oxyhemoglobin percentage satura- 
tions of the aliquots equilibrated at a Po. of 30 mm Hg 
were then calculated. All studies were completed 
within 9 hours after collection of the blood sample. 
Dialysed clarified hemolysates. Blood samples from 
four young, healthy, male medical students and interns 
were processed by ultracentrifugation as described in 
Each top and bottom cell layer 
saline. 


the previous section. 
was washed three or four times with 
The cell layers were then hemolyzed by the addition of 
2 or 3 vol of deionized water per vol of packed cells and 
were subsequently subjected to repeated rapid freezing 
and thawing. Each hemolysate prepared from the top 
layer cells or bottom layer cells will be subsequently re- 
ferred to as a top layer hemolysate or bottom layer 
hemolysate, each nonspecifically as a cell layer hemoly- 
sate. The cell layer hemolysates were dialyzed against 
deionized water for 36 to 48 hours. Ultracentrifugation 
for 4 to 5 hours at 144,700 G (40,000 rpm, radius 8.1 
cm) removed the stroma thereby clarifying the cell layer 


isotonic 


TABLE I 


Oxyhemoglobin and carbon dioxide contents of ultracentrifuged layers of erythrocytes 


after equilibration with gas mixtures containing a Poco, of 42 mm Hg 


Po, (mm Hg) 30 


147 

time (min) 20 60 ey 20 <a 
Subject CO: HbO2 HbO2 CO: HbO: 

vol % % sat. vol % % sat. vol % 

Top layer 

M.F. 49.77 10.94 58.53 48.26 9.80 52.43 46.98 18.69 
J.M. $1.35 10.93 60.79 48.95 10.00 55.62 49.89 17.98 
TX. 50.51 10.79 57.49 47.73 9.53 50.77 48.25 18.77 
R.W. 51.12 10.74 58.85 48.38 9.54 52.27 47.91 18.25 
A.Ki. 53.39 11.73 65.49 50.91 10.56 58.96 50.33 17.91 
ae 52.91 10.41 57.04 50.83 9.61 52.66 50.21 18.25 
oe 53.16 9.88 59.09 51.39 9.05 54.13 49.84 16.72 
F.F 53.43 10.60 61.24 $2.43 9.75 56.33 52.03 17.31 
ot OF 53.38 11.64 59.91 49.80 10.40 53.53 49.61 19.43 
A.Ke. 51.29 12.09 60.85 49.20 11.36 57.17 50.75 19.87 


52.05 59.91 


Bottom layer 


18.32 


M.F. 49.95 10.99 60.52 47.64 10.17 56.00 47.94 18.16 
J.M. 52.92 11.99 67.21 51.14 11.39 63.85 50.36 17.84 
aris 50.28 11.32 64.25 49.02 10.27 58.29 48.63 17.62 
R.W. 51.71 12.21 61.64 49.49 11.47 57.90 49.81 19.81 
A.Ki. 51.74 12.36 68.33 50.27 11.52 63.68 49.91 18.09 
R.L. 53.73 he 63.98 $2.27 10.51 60.47 §2:97 17.38 
LB i 52.42 10.71 64.48 51.00 10.04 60.45 50.89 16.61 
FF. 55.66 11.77 67.53 53.47 10.76 61.73 53.86 17.43 
od, a 53.02 11.82 64.48 50.65 10.79 58.87 50.38 18.33 
A.Ke. 51.81 12.57 68.06 51.10 12.10 65.51 48.81 18.47 


Mean 52.32 11.69 65.01 


17.97 


; 
a 
Mean ee 49.76 9.96 54.37 49.58 | ae 
ee 50.60 10.90 60.65 50.36 7 
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hemolysate. Further ultracentrifugation at 144,700 G 
concentrated the hemoglobin to different extents in the 
different cell layer hemolysates. 

Each cell layer hemolysate was divided into two 2 to 3 
ml aliquots, and each of these was subjected to 20 min- 
utes’ equilibration. (Here, it was unnecessary to vary 
the duration of equilibration because no detectable gly- 
colysis occurred.) One aliquot was equilibrated at a 
Po, of 30 mm Hg and Peo, of 42 mm Hg, the other at a 
Po. of 147 mm Hg and Peco, of 42 mm Hg. Oxygen and 
carbon dioxide contents were determined and further 
calculations were performed as in the previous section. 

The pH of each aliquot equilibrated at a Po, of 147 
mm Hg and Peo, of 42 mm Hg was determined in two 
studies using a Cambridge research model pH meter 
with temperature controlled at 37° C. In one study, 
spectral analyses for methemoglobin were done using 
the Cary recording spectrophotometer. In another, in- 
active hemoglobin (primarily methemoglobin) contents 
were calculated by subtracting active hemoglobin con- 
tents (oxygen capacity/1.34) from total hemoglobin 
contents, determined by the cyanmethemoglobin method 
(21). All studies were completed within 4 days after 
collection of the blood sample. 


RESULTS 


Intact erythrocytes. Oxyhemoglobin and car- 
bon dioxide contents of each cell layer are listed in 
Table I. For each period of equilibration, the 
carbon dioxide contents of top layer cells were 
generally lower than those of corresponding bot- 
tom layer cells, presumably due entirely to the 
greater rate of acid accumulation in the metaboli- 
cally more active young cells (4, 5). Oxyhemo- 
globin saturations of top layer cells were always 
lower than those of corresponding bottom layer 
cells, Since there was unequal metabolic activity 
in the top and bottom cell layers, it became nec- 
essary to assess the role of glycolysis as a possible 
explanation for the different oxyhemoglobin satu- 
rations. 

The raw data were analyzed by multiple regres- 
sion using each oxyhemoglobin and carbon diox- 
ide content of each cell layer as an independent 
variable for discrimination in comparing the oxy- 
hemoglobin contents of corresponding top and 
bottom cell layers (22). This statistical treat- 
ment demonstrated that the different rates of gly- 
colysis reflected in the different carbon dioxide 
contents could not account for all of this differ- 
ence of oxyhemoglobin saturation. (Experi- 
mental validation of this is shown in the subse- 
quent studies of dialyzed hemolysates.) The bot- 
tom layer cells had a significantly (p< 0.05) 


SAMPLE OF UNSEPARATED ULTRACENTRIFUGED BLOOD 
BLOOD GAS CONTENTS-OXYGEN PRESSURE 30mm. Hg. AND 
CARBON DIOXIDE PRESSURE 42mm. Hg. 


RL 


20 minutes 


T T 


Osyhemoglobin (Per Cent Saturation) 
T 


100 minutes 


52 i iL i i j 
48 49 50 51 52 53 
Carbon Dioxide (Volumes Per Cent) 

Fic. 1. THE RELATIONSHIP OF EQUILIBRATION TIME TO 
BLOOD OXYHEMOGLOBIN SATURATIONS AND CARBON DIOXIDE 
CONTENTS. 


greater oxyhemoglobin saturation than top layer 
cells under these conditions of equilibration. 
Figure 1 demonstrates that the relation of oxy- 
hemoglobin saturation to carbon dioxide content 
during continuing glycolysis is virtually linear 
between the twentieth and sixtieth minutes of 
equilibration. The mean values of the ten stud- 
ies of intact cells are shown graphically in Figure 
2. Straight lines have been assumed to repre- 
sent the approximate pathway taken by the top and 
bottom cell layers in terms of oxyhemoglobin satu- 
ration and carbon dioxide content between the 
twentieth and sixtieth minutes of equilibration. 
Oxyhemoglobin saturations of top and bottom cell 
layers can be compared at any shared intercept of 
carbon dioxide content, thereby correcting for un- 
equal metabolic activity. The oxyhemoglobin 
saturation difference between the mean top and 
bottom cell layer pathways is 4.35 per cent. 
Dialyzed clarified hemolysates. The oxyhemo- 
globin and carbon dioxide contents, together with 
selected pH measurements, are listed in Table IT. 
The bottom layer hemolysates had a 4.71 per cent 
greater mean oxyhemoglobin saturation than the 
top layer hemolysates. The variable oxygen 
capacities (reflecting variable hemoglobin con- 
centrations) did not affect oxyhemoglobin satu- 
ration. The differences between the oxyhemo- 
globin saturations of corresponding top and _bot- 
tom cell layer hemolysates were analyzed statis- 
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Mean Blood Gas Contents — Oxygen Pressure 30mm.Hg. 
and Carbon Dioxide Pressure 42mm. Hg. 


Bottom Layer Upper Right Point Equilibrated 20 min. 
Top Layer Lower Left Point Equilibrated 60 min. 
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4.35 % Saturation 


Oxyhemoglobin (Per Cent Saturation) 


Corbon Dioxide (Volumes Per Cent) 


50 31 52 33 

Fic. 2. THE MEANS OF THE OXYHEMOGLOBIN SATURA- 
TIONS AND CARBON DIOXIDE CONTENTS OF ALL TEN STUD- 
IES OF TOP AND BOTTOM LAYERS OF ULTRACENTRIFUGED 
ERYTHROCYTES. 


tically (22). The bottom layer hemolysates had a 
significantly (p< 0.05) greater oxyhemoglobin 
saturation than top layer hemolysates under these 
conditions of equilibration. 

The pH values determined in two studies at a 
Po, of 147 mm Hg and Peo. of 42 mm Hg were 
essentially the same in corresponding top and bot- 
tom cell layer hemolysates. Methemoglobin was 
not detected in either top or bottom cell layer he- 


TABLE II 
Blood gas contents and pH of dialyzed hemolysates of ultra- 
centrifuged layers of erythrocytes after 20 minutes’ equili- 
bration with gas mixtures containing a Poco, of 42 mm Hg 


HbOz HbO:z 


Subject co pH 


vol % 
Top layer 


10.50 


4.40 
14.33 9. 
5. 
1. 


10.49 
6.28 


2 
2 
2 


Bottom layer 
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TABLE Ill 


Comparison of total and active hemoglobin of dialyzed hemol- 
ysates of ultracentrifuged layers of erythrocytes of 
Subject C.C. 


Oxygen 
capacity 
total 
hemo- 
globin 


Inactive 
hemo- 
globin 


Active 
hemo- 
globin 


Total 
hemo- 
Layer globin 


Top 
Middle 
Bottom 


molysates, in the two studies performed, either 
by spectrophotometry or by determination of in- 
active hemoglobin (see Table III). There was 
no apparent alteration with age of the normal oxy- 
gen capacity-hemoglobin ratio (normally 1.34 
ml O, per gram Hb). 


DISCUSSION 


Erythrocyte aging has been studied by the 
techniques of serial osmotic hemolysis (12, 13); 
differential agglutination, sparing transfused do- 
nor cells (23-25); and centrifugation (5, 7, 10, 
11). It has been established that numerous 
changes occur during the life span of the mature 
circulating erythrocyte. Enzymatic activity (1-6) 
and anaerobic glycolysis (4, 5) decrease. Po- 
tassium concentration decreases with a rise in so- 
dium concentration (5, 7). A controversy exists 
(8, 9) as to whether methemoglobin concen- 
tration may increase. The minor hemoglobin 
components, A, and A,, increase with a reduc- 
tion of major hemoglobin A (14, 15). Osmotic 
fragility increases (12, 13). Erythrocyte lipid 
content decreases, causing diminished cell size 
and increased cell density (5, 7). 

At a Po, of 30 mm Hg and Peo, of 42 mm Hg, 
the older intact erythrocytes have an average of 
4.35 per cent greater oxyhemoglobin saturation 
than the younger erythrocytes. The difference 
between the old and young cells at one point on 
the oxyhemoglobin dissociation curve confirms 
their dissimilarity. 

Many factors act upon hemoglobin to influence 
its property of reversible combination with oxy- 
gen: pH (26), CO, (27), temperature (28), elec- 
trolyte environment (29-32), cell thickness (33), 
carbonic anhydrase (34), ascorbic acid (34), sulf- 
hydryl groups of cysteine and glutathione (35), 


W 
: 62 7.6 7.40 +0.20 1.31 1 
7.22 —0.12 1.36 
6.7 6.77 —0.07 1.36 
60 | 
58 
56 4 
we : 
@ 
¢ 
hap 
Pos 30 147 
M.-F. 52.01 10.17 8.46 
A.Ki. 62.94 13.81 14.65 6.70 ret 
Cx, 50.60 10.18 9.92 6.59 
P.C. 48.25 6.48 3.15 
M.-F. 10.73 5.13 53.22 11.02 9.64 
A.Ki. 14.35 10.94 67.41 13.72 16.23 6.71 
CxS 9.85 5.13 56.19 9.07 913 6.58 
P.C. 8.02 3.03 55.80 8.02 5.43 
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sulfhydryl groups of hemoglobin (36-38), the 
spatial arrangement of the four heme groups 
within the hemoglobin molecule (39, 40), and the 
presence of the inactive forms of hemoglobin, 
carbonmonoxyhemoglobin (41) and methemoglo- 
bin (42). 

It was not clear, however, from the studies of 
viable, intact cells whether these or other factors 
were responsible for the observed change in oxy- 
hemoglobin dissociation with age. Hemolysis fol- 
lowed by dialysis and removal of the stroma de- 
stroyed not only the erythrocyte membrane but 
also its metabolism by effectively removing all 
ions and metabolic participants. The residue con- 
tained only the soluble erythrocyte macromole- 
cules, principally hemoglobin. The pH of the 
oxygen-saturated hemolysates was essentially that 
of isoelectric oxyhemoglobin. Oxyhemoglobin 
saturation was significantly greater in the dialyzed 
hemolysates of old cells than in those of young 
cells and was comparable in magnitude to that 
observed between old and young intact cells. It 
was concluded, therefore, that the age-dependent 
dissimilarity in oxyhemoglobin saturations of in- 
tact cells and their dialyzed hemolysates was at- 
tributable to alterations of erythrocyte macro- 
molecules. 

Such a technique does not exclude the possible 
influence of methemoglobin. According to Dar- 
ling and Roughton, a 14 per cent (of total hemo- 
globin) concentration of methemoglobin is neces- 


sary to effect a 4 to 5 per cent increase of oxyhemo- 
globin saturation in hemolysates in this part of 
the oxyhemoglobin dissociation curve (42). Wal- 
ler, Schlegel, Muller and Lohr found a methemo- 
globin concentration of 8 per cent of total hemo- 
globin in erythrocytes surviving 80 days after 


transfusion (8). Betke, Baltz, Kleihauer and 
Scholz, however, measured mean methemoglobin 
concentrations of only 0.6 per cent of total he- 
moglobin in the top and bottom layers of centri- 
fuged erythrocytes (9). Our failure to detect 
methemoglobin makes it unlikely that the ob- 
served differences of oxyhemoglobin saturation 
could be explained on this basis. 

The results of Meyering, Israels, Sebens and 
Huisman (15) demonstrate a partial conversion 
with age of normal hemoglobin A, to the minor 
hemoglobin A,. They observed no difference, 
however, in the oxygen affinity of these two he- 
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moglobins which were prepared from erythrocytes 
not separated according to age. The high oxy- 
hemoglobin affinity of hemoglobin A, (15) does 
not explain our results, since this hemoglobin did 
not increase as erythrocytes aged. 

The macromolecules of dialyzed, stroma-free 
hemolysates consist principally of hemoglobin, 
about 99.2 per cent by weight (43). Other non- 
dialyzable components include enzymes whose al- 
terations with age have been described. The sub- 
strates upon which the enzymes normally act, 
however, have been removed by dialysis. Other 
macromolecules are unknown and, if present, 
probably exist only in minute amounts. In a pre- 
liminary study of major hemoglobin A isolated 
by starch grain electrophoresis, its oxyhemoglobin 
saturation at a Po, of 30 mm Hg and Peo. of 42 
mm Hg was greater in a sample prepared from 
the bottom layer hemolysate than in that prepared 
from the top layer hemolysate. These facts to- 
gether indicate that a macromolecular alteration 
has probably occurred in the hemoglobin molecule 
itself. 

This study has demonstrated an alteration of 
oxygen dissociation properties of normal hemo- 
globin as a result of in vivo erythrocyte aging. 
Such a change in the function of a normal protein 
presumably reflects an age-dependent alteration 
of its structure. In this instance, however, al- 
tered structure is not the result of proteolysis 
since aged hemoglobin retains a normal oxygen 
capacity. This may be secondary to an in vivo 
erythrocyte metabolic alteration or an independent 
and spontaneous molecular change. This study, 
together with the previously reported molecular 
alterations of hemoglobin (14-16) and of lens 
proteins (44) with age, supports the concept that 
proteins in their physiological environment may 
undergo with age a molecular alteration other 
than proteolysis, impairing the function and/or 
viability of the cells (16, 45). 

Further studies are now in progress to define 
more fully the effect of cell age upon the oxyhe- 
moglobin dissociation curve and to determine the 
nature of the postulated hemoglobin molecular 
change. 

SUMMARY 


1. Oxyhemoglobin dissociation properties of old 
and young normal human erythrocytes and their 
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dialyzed hemolysates have been compared. The 
different densities of old and young erythrocytes 
permitted their separation by ultracentrifugation, 

2. Old and young intact erythrocytes obtained 
from ten normal subjects were separately equili- 
brated at 37.16° C with a Po, of 30 mm Hg and 
Peo, of 42 mm Hg. Old erythrocytes had a sig- 
nificantly greater oxyhemoglobin saturation than 
young erythrocytes (p < 0.05). 

3. Dialyzed and clarified hemolysates of old and 
young erythrocytes from four normal subjects 
were separately equilibrated at 37.16° C with a 
Po, of 30 mm Hg and Peo, of 42 mm Hg. (He- 
molysates dialyzed against deionized water con- 
tain only erythrocyte macromolecules.) The di- 
alyzed hemolysates of old erythrocytes had a sig- 
nificantly greater oxyhemoglobin saturation than 
the dialyzed hemolysates of young erythrocytes 
(p< 0.05). It was concluded that the differ- 
ence in oxyhemoglobin dissociation of young and 
old intact erythrocytes is attributable to altera- 
tion of erythrocyte macromolecules. 

4. The age-dependent alteration in the function 
of normal hemoglobin is probably due to an al- 
teration within its molecule. This supports the 


hypothesis that normal proteins may change in 
structure as a result of aging. 
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ESTIMATION OF RIGHT VENTRICULAR OUTPUT IN MAN 
USING RADIOACTIVE KRYPTON (Kr°**) * 


By D. F. ROCHESTER,7 J. DURAND, J. O. PARKER,§ H. W. FRITTS, Jr. ano 
R. M. HARVEY 


(From the Department of Medicine, Columbia University, College of Physicians and Surgeons, 
and the Cardio-Pulmonary Laboratory of the First Medical and Chest Services, 


Columbia University Division, Bellevue Hospital, New York, N. Y.) 


Of the several methods known to provide re- 
liable estimates of the cardiac output, none will 
satisfactorily follow the variations in’ flow which 
occur during transient states in man. For in- 
stance, the conventional Fick method is applicable 
only under steady conditions (1, 2). Further, di- 
lution methods, employing intravenous injections 
of indicators, may estimate the cardiac output 
when flow is changing, but the number of esti- 
mates obtainable in any transient period is limited 
by the time required to inscribe each primary di- 
lution curve. This limitation was circumvented 
by Shepherd, Bowers and Wood (3), who in- 
fused Evans blue dye at a constant rate. Since 
they continued the infusion for only 30 seconds, 
the accumulation of dye in the blood stream did 
not present a problem; however, prolongation of 
such an infusion is impractical because of the pos- 
sibility of discoloring the patient’s skin. Simi- 
larly, the substitution of an isotope for dye may 
present a radiation hazard. 

A preliminary report from this laboratory has 
shown that by using the gaseous radioisotope, 
krypton*, in continuous infusion, the limitation 
of time may no longer apply (4). The purpose 
of this paper is to report further experience with 
this method, to describe in detail its principle, to 
compare the flows obtained by the conventional 
Fick and by the Kr** methods under steady con- 
ditions, and to present the estimates of flow made 
with Kr* during changing states. 

* This investigation was supported by a research grant 
(Public Health Service Grant H-2001 C) from the Na- 
tional Heart Institute, Bethesda, Md. 

+ Fellow of the Life Insurance Medical Research Fund. 
Present address: Captain MC USAR, 34th General 
Hospital, La Chapelle St., Mesmin, France. 

t Research Fellow (HTS 5320) of the National Heart 
Institute. 

§ Fellow of the New York Heart Association. 


(Submitted for publication August 10, 1960; accepted December 12, 1960) 


643 


THEORETICAL CONSIDERATIONS 


Principle, Kr*® is a chemically inert, poorly 
soluble gas emitting 99 per cent B-particles. When 
dissolved in sterile saline and infused into either 
a great vein or into the right atrium, it first mixes 
with the blood in the right ventricle, then enters 
the pulmonary vessels where most of the isotope 
escapes into the alveoli and leaves the body in the 
expired air. Thus, as depicted in Figure 1, only 
a small amount reaches the left atrium and ven- 
tricle, and, until the tissues are saturated, an even 
smaller amount returns to the chambers of the 
right heart. 

If one could sample blood simultaneously from 
the pulmonary artery and a hypothetical point in 
the great veins where all of the blood returning 
from the tissues is thoroughly mixed, then the fol- 
lowing application of the Fick principle would 
provide a value of right ventricular flow (Q). 


01) 


where Cp, = concentration of Kr* in the pul- 
monary arterial blood, Cs; = concentration of 
Kr®* in the hypothetical mixed venous sample, 
Cy = concentration of Kr*> in the infusate, and 
qr = rate of infusion. 

Since, however, the hypothetical point for ob- 
taining a venous sample does not exist when a 
constant infusion is given anywhere in the venous 
side of the circulation, C; cannot be measured 
and must be estimated from the concentration of 
Kr* in a sample collected from the brachial 
artery (C,). Under these circumstances, C, 
replaces C; in the equation; the validity of this 
replacement will be discussed subsequently. 

Analysis of errors. In applying this principle, 
it is first assumed that there is no loss of krypton 
between the point of infusion and the pulmonary 
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Constant infusion 


PA 


RA Ry 


Tissues 

Fic. 1. A SCHEMATIC REPRESENTATION OF THE CIRCU- 
LATION TO SHOW SITES OF INJECTION AND SAMPLING OF 
KRYPTON. Va=alveolar ventilation, Cp, = concentra- 
tion of Kr® in the pulmonary artery, Cs, = concentration 
of Kr in the brachial artery, Cmy = concentration of Kr™ 
in mixed venous blood (called C; in text). L=lungs, 
RA =right atrium, RV =right ventricle, PA = pulmo- 
nary artery. 


artery. This cannot be validated under the 
conditions of a constant infusion experiment, but 
Fritts and associates (5) have shown this to be 
true during single injections. 

Secondly, one must assess the extent to which 
the right ventricle, while acting as a mixing 
chamber, retards the appearance of a new fixed 
level of Kr*® concentration in pulmonary arterial 
blood following a change in flow, such as that 
which may occur during exercise. Thus, if there 
is a sudden change in flow from a constant value 
(Q) to a new constant value (O;), the change in 
the pulmonary arterial concentration of Kr*° is 
given by Equation 2: 
+ 


Cpa(t) = 


1 
Q: 
where Cpa(t) = concentration of Kr** in the 
pulmonary arterial blood after the change in 
flow, t = time elapsed after the change in flow, 
and V = volume of the right ventricle. When 
the new equilibrium concentration (CPA,) is 
reached, Equation 2 reduces to 


C qrC; + 


which is merely Equation 1 in rearranged form. 


It can be seen from Equation 2 that blood flow 
as estimated from Cpa will initially not reflect 
the magnitude of a sudden change in flow. How- 
ever, even under the most adverse conditions, 
when the volume of the right ventricle is large 
and flow through it is small, as may occur in con- 
gestive heart failure, the time required for Cp, (t) 
to approximate the new equilibrium level is short. 
For example, if the right ventricular volume were 
400 ml and the new average flow through it were 
40 ml per second, then in 20 seconds Cp, (t) would 
reflect 85 per cent of the change from Q to Q,. 
The sampling time of 5 seconds does, of course, 
mask cyclic variations in output whose perio- 
dicity is less than 5 seconds. 

The third and major problem which arises in 
using this technique concerns the validity of sub- 
stituting the concentration of krypton in the 
brachial artery for that of the mixed venous 
blood which cannot be obtained. This substitu- 
tion requires justification : for purposes of simpli- 
fication, one may treat normal lungs as if J) 
their ventilation-perfusion ratios are homogene- 
ous, 2) the concentration of Kr* in the end- 
capillary blood is in equilibrium with that in the 
alveolar gas, and 3) all of the blood contacts 
alveoli. Under such circumstances, the brachial 
arterial blood will have the same krypton con- 
centration as blood leaving the alveolar capil- 
laries, and, with steady flow and ventilation, the 
concentration of C, is given by Equation 3: 


where C’, = concentration of Kr** in end-capil- 
lary blood, Q = pulmonary blood flow, Va = 
alveolar ventilation, and \ = 0.06, the solubility 
coefficient of Kr* in blood at 37° C. With normal 
values for cardiac output and alveolar ventilation 
substituted into Equation 3, the formula shows 
that C, should be irom 7 to 10 per cent of Cpa. 
Indeed, in 15 patients without pulmonary em- 
physema, the average value was 8.8 per cent with 
a range of 6.8 to 11.5 per cent. 

Since there is tissue uptake of krypton, the 
concentration of the isotope in the brachial 
arterial blood will exceed that in the mixed venous 
blood until equilibrium is reached. This differ- 
ence was determined experimentally in five 
studies in which the infusion was made into the 
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Fic. 2. GRAPHIC REPRESENTATION IN ONE PATIENT OF 
THE TIME CONCENTRATIONS OF Kr® IN BRACHIAL ARTERIAL, 
RIGHT VENTRICULAR AND RIGHT ATRIAL BLOOD SAMPLES 
DURING A CONSTANT INFUSION INTO THE PULMONARY 
ARTERY. 


pulmonary artery rather than into the right 
atrium, thus permitting sampling from the right 
atrium or ventricle. Figure 2 illustrates the re- 
sults of a typical study. It can be seen that the 
krypton concentrations in both the arterial and 
mixed venous bloods rose in a curvilinear fashion 
over a 4 to 5 minute period and then became 
nearly constant for as long as the infusion was 
continued. 

When the krypton concentration in the bra- 
chial arterial bood has reached a plateau, the 
krypton concentration in the mixed venous blood 
is approximately 65 per cent of the brachial 
arterial concentration. Thus, because of the 
very large difference between Cp, and Cpa, sub- 
stituting C, for Cz leads to an overestimation of 
the cardiac output of normal subjects of less 
than 3 per cent. 

If, after constant levels of krypton have been 
reached the blood flow and ventilation are sud- 
denly increased, the relationship between Cpa, 
C, and C; may change. For example, if at the 
onset of exercise there is.a disproportionate in- 
crease in ventilation, as compared with that in 
blood flow, the concentration in the brachial 
artery will decrease faster than that in the mixed 
venous blood and C, will be smaller than C;. 
As a result, the cardiac output will be under- 
estimated, but comparison of krypton concentra- 
tions again indicates that in normal subjects the 
maximum error will be no more than 3 per cent. 


METHODS 


The infusion was prepared by equilibrating a volume 
of gaseous krypton with sterile physiological saline at 
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room temperature. The concentration of krypton was 
approximately 50 wc per ml when the infusion rate of 5 
ml per minute was used, or 250 wc per ml for an infu- 
sion rate of 1 ml per minute. For an infusion period of 
20 minutes, the total dose of krypton would amount to 
5 me. Under these conditions, it can be calculated that 
the tissue receiving the greatest amount of radiation, the 
tracheal epithelium, would absorb not more than 4 rads, 
even if alveolar ventilation were low. 

A Phipps and Bird syringe driver accurate to + 0.5 
per cent coupled to a greased 100 ml syringe containing 
the infusate was used in order to deliver the solution of 
the tracer through a no. 6 cardiac catheter. 

The concentration of krypton in blood, and, after dilu- 
tion, in the infusate, was measured by the meth d of 
Lassen and Munck (6) and expressed as counts °.... min- 
ute per cuvet. For this purpose, 4 ml of blood was 
drawn anaerobically into a syringe. The dead space of 
the syringe was filled with Triton X-100 in 0.1 M_ so- 
dium borate to hemolyze the blood. The hemolyzed spec- 
imen was then transferred to an airtight disc-shaped 
cuvet of 1.5 ml volume, and the emitted radiation counted 
simultaneously from each face by a pair of Geiger- 
Miiller tubes. Rapid complete filling of the cuvets is es- 
sential in order to avoid escape of krypton from the 
liquid phase into the air phase. Such escape will result 
in an underestimation of the krypton concentration in 
the sample. On the other hand, if even very small air 
bubbles are trapped in the cuvet during filling, an over- 
estimation of the krypton concentration in the sample will 
follow, since these bubbles will accumulate krypton from 
the sample and because there is a sixfold greater count- 
ing efficiency for krypton in the gaseous than in the 
fluid phase (7). Since krypton is less soluble at higher 
temperatures, warming of the cuvet after it has been 
filled and sealed will also lead to an overestimation of 
the Kr® concentration because of the formation of small 
bubbles. 

The Fick determination was performed using tech- 
niques previously described in this laboratory. 


PATIENT MATERIAL AND PROCEDURE 


The 15 patients studied represented a variety of dis- 
eases, including: pulmonary tuberculosis, 5; Laennec’s 
cirrhosis 2, resolving pneumonia, 1; healed lung abscess, 
1; hilar adenopathy, 1; cerebral arteriosclerosis, 1; cal- 
cified pericardium, 1; hypertensive heart disease, 1; 
hemorrhoids, 1; and undiagnosed heart disease, 1. With 
the exception of the last patient, none of the subjects had 
ever been in congestive heart failure. This excepted 
patient had recently recovered from cardiac insufficiency. 

Each patient was studied in a fasting state, without 
premedication. Separate catheters were placed in the 
pulmonary artery and in the right atrium in the usual 
fashion. The use of a double lumen catheter is not rec- 
ommended because of the fact that, with the terminal 
openings 12 cm apart, unusually high krypton concentra- 
tions occasionally have been obtained from the pulmo- 
nary artery, presumably due to axial streaming of the 


| 
= 
° 
4 
a 
i 


646 


D. F. ROCHESTER, J. DURAND, J. O. PARKER, H. W. FRITTS, JR., AND R. M. HARVEY 


TABLE I 
Results of a typical study * 


Minutes 
alter 
start of 


Condition infusion 


| 
| 
| 


Rest 


Exercise 


*G, = rate of infusion (ml/min); Cy = concentration of Kr* in the infusate (counts/cuvet/min); Cp, = concentra- 


9.51 


tion of Kr® in the pulmonary artery (counts/cuvet/min) ; C, = concentration of Kr® in the brachial artery (counts/ 


cuvet/min) ; Qxr = flow calculated from ee. (L/min) ; Qrick = flow calculated from Fick equation (L/min). 
PA~“\a 


infusate along the catheter from the proximal to the 
distal terminal opening. Following placement of the 
catheters and cannulation of a brachial artery with a 
Cournand needle, the patient was allowed to rest, during 
which time blood pressures and ventilation were meas- 
ured. Subsequently, in the eight studies involving exer- 
cise, the patient’s feet were placed in the stirrups of a 
a horizontal bicycle ergometer. The degree of resistance 
and rate of pedalling were adjusted, after a preliminary 
trial the day before the study, so that the exercise was 
sufficient to double or triple the resting oxygen uptake. 

After the patient had been made comfortable with 
his feet in the bicycle ergometer, he was connected to a 
Tissot spirometer. To reduce radiation hazard, it was 
necessary to collect all expired air throughout the in- 
fusion period and for 5 minutes thereafter. 

The infusion of krypton was begun at a constant rate 
through the right atrial catheter. During the next 9 
minutes ventilation was continuously measured and when 
it became stable, the cardiac output was determined by 
the direct Fick method. In addition, from the fourth 
through the ninth minute, samples of blood were drawn 
in 5 seconds at 1 minute intervals from the pulmonary 
and brachial arteries for estimation of right ventricular 
output by the krypton method. It was found that for 
sampling at such frequent intervals a no. 8 or 9 single 
lumen Cournand catheter was most satisfactory. Smaller 
catheters frequently clotted or the resistance encountered 
in sampling led to air leaks or to foaming of the samples 
with concomitant extraction of krypton from the blood 
phase. 

Following the direct Fick estimate of cardiac output 
at rest, usually after the ninth minute of infusion, the 
patient was instructed to begin exercise abruptly and to 
maintain the same rate of pedalling throughout the test. 
Sampling of blood at 1 minute intervals continued. In 


some instances samples were taken more frequently dur- 
ing the first minute. After exercise had been maintained 
for at least 5 minutes, a second measurement of cardiac 
output by the direct Fick method was made. 


RESULTS 


The data recorded in a typical study are pre- 
sented in Table I. Also recorded are the values 


Cardiac output (Krypton®*) L/min 
a 


10 


6 8 
Cardiac output (Fick) L/min 

Fic. 3. GRAPH SHOWING 28 COMPARISONS OF CARDIAC 
OUTPUT IN 15 PATIENTS BOTH AT REST AND DURING A 
STEADY STATE OF EXERCISE, AS DETERMINED BY THE Kr™ 
AND THE DIRECT FICK METHODS. The line of perfect 
agreement and the lines of +10 per cent deviation are 
shown. 


Vi 

ai Ci Cra Ca Qkr Orick 
5 3,635,900 2,665 283 
2,174 265 
2,597 308 7.94 
2,832 309 7.21 7.83 
2,749 308 7.45 
2,190 276 9.50 
2,190 206 9.16 
2,233 197 8.93 
2,066 155 9.51 
2,213 162 8.86 
1,972 149 9.97 
2,053 172 9.67 ; 
2,004 164 9.88 

= 
12 
9 
| 
° 
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CARDIAC OUTPUT AT REST AND EXERCISE MEASURED BY KRYPTON®° 


+80-- 


| 


Cardiac output (% change from average resting value) 


Time in minutes 


Fic. 4. GRAPHIC REPRESENTATION OF CARDIAC OUTPUT AS DETERMINED BY 


THE KRYPTON METHOD 


AT REST AND DURING 


EXERCISE IN EIGHT SUBJECTS. 


For each subject the output value at each point during rest and exercise is 
expressed as the percentage difference from the average value of the cardiac 


output of that patient at rest. 


of cardiac output calculated by the Kr** and con- 
ventional Fick methods. 

A comparison of the Kr** and Fick outputs ob- 
tained in all of the subjects is shown in Figure 3. 
The data are based on 28 simultaneous determina- 
tions made in 15 patients. Twenty of the meas- 
urements were made at rest and eight during 
steady state exercise. In each instance the Kr*® 
output was calculated by averaging the values of 
(Cpa — Cpa) determined within 1 minute of the 
Fick measurement. Significantly, as seen in Fig- 
ure 3, the values by the Kr** method were within 
+ 10 per cent in all but four cases. In these latter 
instances, the blood flow by the Kr*® method dif- 
fered from the Fick by — 13, — 14, — 21 and 
+ 20 per cent, respectively. 

The response of blood flow during the early 
phase of exercise as determined by the Kr*® 
method is depicted in Figure 4. In all eight pa- 
tients the cardiac output rose immediately ; in five 
it reached a plateau within 0.5 minute, and in the 
sixth within 1 minute; in the two remaining pa- 
tients, the plateau was reached somewhat later. 


DISCUSSION 
The main advantages of the method are the 


ability to estimate the right ventricular output not 
only in steady but also in transient states, and the 


possibility of repeating those measurements at’ 
frequent intervals. As many as five determina- 
tions can be made in 1 minute which will reflect 
almost immediately the changes occurring in blood 
flow. Since Kr*® is poorly soluble, recirculation 
presents only a minor problem. Because of the 
very short biological half-life of this gas, radia- 
tion exposure to the patient, with the doses used, 
is minimal. 

The disadvantages of this method are primarily 
technical. Utmost care must be taken in the 
handling of samples containing krypton to avoid 
its escape from the liquid into the gas phase. 
Measurements cannot be made for longer than 30 
minutes because patients are not comfortable if 
they remain attached to the equipment for collec- 
tion of expired air for longer than this time. The 
amount of blood loss may be considerable, since 
for each determination at least 10 ml must be 
withdrawn for measurement with the type of 
equipment in current use. 

In patients with emphysema, the recirculation 
problem is more important because less krypton 
is cleared from the circulation by the lungs. In 
such patients the error of estimation of cardiac 
output induced by substituting C, for C; may be 
as much as 10 per cent in extreme cases. 

The principles and primary assumptions of the 
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krypton technique have been validated by the 
close agreement between the values for cardiac 
output secured by this method and the direct 
Fick, both at rest and during a steady level of 
Thus the errors inherent in both meth- 
ods must be small. 

While there is good agreement between the 
values for output obtained by the Fick and Kr*® 
methods, there are, nonetheless, fluctuations in 
the levels of blood flow as determined from min- 
ute to minute at rest by the krypton technique 
(Figure 4). The maximum variations in any 
one case were + 10 per cent of the average value. 
These variations may reflect technical errors, but 
may equally well mirror true variations in blood 


exercise, 


flow. 

During the transient phase of exercise in man 
it is impossible to compare values of blood flow 
obtained by the krypton technique with those of 
another method. Therefore, the only arguments 
that can be invoked in favor of the accuracy of 
the data are based on indirect evidence: 7) the 
rise in cardiac output during exercise was abrupt 
in all eight patients and reached a plateau before 
the end of the first half minute in five, and 2) the 


values for blood flow obtained simultaneously by 
the krypton method and the direct Fick were 
in close agreement when exercise was prolonged 
sufficiently to validate the latter method. 


SUMMARY 


A technique is described for the measurement 
of pulmonary blood flow in man using a constant 
infusion of Kr*°. 

The theoretical and practical advantages and 
limitations are discussed and the applicability of 
the method in steady and changing conditions of 
cardiac output demonstrated. 

Blood flow measured by this method and by 
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the direct Fick, both at rest and in a steady state 
of exercise, agreed within 10 per cent in 24 of 28 
determinations. 

Measurements of blood flow made during the 
early minutes of exercise showed that there was 
a rise in output within the first minute of exercise, 
which in six of eight patients was maintained 
throughout the exercise period. 
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THE EFFECTS OF TOTAL BODY IRRADIATION ON SOME ASPECTS 
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The utilization of radioactive iron to evaluate 
erythropoietic function in normal and disease 
states in man is well established (1-8). These 
studies have demonstrated that the half-time (T,) 
of plasma radioiron disappearance and the red cell 
uptake of radioactive iron are valid parameters of 
bone marrow function. Many investigators have 
demonstrated dose-dependent changes in these 
functions following total body irradiation of the 
rat (9-14). Similar changes have been noted fol- 
lowing total body irradiaton of the burro and 
sheep (15), and monkey (16). 

Loeffler, Collins and Hyman (17) studied four 
patients who received from 50 to 150 r and did 
not note significant changes in the T, of the 
plasma radioiron (Fe**) disappearance at 3 hours 
or 7 days. In three patients receiving from 150 
to 200 r, Collins and Loeffler (18) noted an in- 
crease in the T, at varying times after irradiation. 
In nine patients who had received 200 r to the 
anterior surface of the body, Loeffler (19) noted 
an increase in the T, which was maximal 48 hours 
following irradiation. Suit, Lajtha, Oliver and 
Ellis (20) were unable to determine changes in 
the iron uptake of human bone marrow irradiated 
in vivo and then studied in a culture medium with 
Fe®® administered immediately or 24 hours after 
irradiation. However, they were able to demon- 
strate an increase in the T, and some decrease in 
the red cell uptake of iron following 100 r total 
body irradiation, but only when the Fe®® was ad- 
ministered to their patients 48 to 72 hours after 
irradiation (21). No changes were noted fol- 
lowing 25 to 50 r. Sinclair (22) studied 12 pa- 
tients who received 200 r, and reported a signifi- 
cant increase in the T, in all and a depression of 
red cell uptake of iron in two-thirds of these pa- 
tients. One cannot construct a dose-response 
curve from these studies because of the variation 
in technique and in the source of radiation utilized. 


* Current address: Department of Internal Medicine, 
Yale Medical School, New Haven, Conn. 


The object of this study was to determine the 
degree and duration of change in the plasma radio- 
iron disappearance rate and the red cell uptake of 
radioiron of humans following a known dose of 
total body irradiation. An attempt was made to 
determine if the degrees of change following a 
standard dose of irradiation were constant, and 
if so, whether such changes could be used imme- 
diately after exposure to irradiation to predict and 
evaluate subsequent erythropoietic depression. 
The applicability of such changes to the quanti- 
fication of unknown amounts of radiation, such 
as those which occur in accidental radiation in- 
jury, was also considered. 


METHODS AND MATERIALS 


The 10 patients chosen for this study had disseminated 
Hodgkin’s disease, lymphosarcoma, reticulum cell sar- 
coma, or chronic lymphatic leukemia, all proven by bi- 
opsy. None was debilitated or terminally ill or had 
received any previous therapy. With the exception of the 
2 patients with chronic lymphatic leukemia who re- 
ceived 80 r total body irradiation, all patients received 
100 r as the initial part of their therapy. Each patient 
served as his own control, and in the nonleukemic pa- 
tients, all hematological studies and morphoivgical bone 
marrows were within normal limits prior to irradiation. 

Serial serum iron concentrations and iron-binding ca- 
pacities on fasting pre-breai:fast specimens, hemoglobins, 
and reticulocyte counts were done in conjunction with 
the aforementioned studies (23-25). All studies were 
performed at the same time of day. The clinical effects 
will not be discussed in this paper. No other treatment 
was given during the period of observation. 

The T; of the plasma radioiron disappearance rate and 
the red cell uptake of radioactive iron were determined 
by methods previously described (4, 5, 26). Blood vul- 
umes were determined with Cr™-labeled red cells in as- 
sociation with each red cell uptake study according to 
previously published techniques (26, 27). 

Fe® was obtained as ferrous” citrate with a specific 
activity of at least 2 uc per ug of iron. Three to 4 uc of 
Fe® was added to a volume (approximately 15 ml) of 
fresh frozen AB negative plasma that had been previously 
determined to have at least twice the iron-binding ca- 
pacity as the amount of iron added. After incubation at 
room temperature for 10 minutes, to produce siderophilin- 
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bound Fe”, a measured volume was injected intrave- 
nously. Five-ml samples of whole blood were obtained 
at appropriate intervals, a maximum of 40 ml being re- 
quired for a single plasma radioiron disappearance study. 
The range of the T; and the intervals between studies 
were such that no significant amount of Fe® was pres- 
ent in the plasma at the start of a subsequent study. 
Stable baseline levels of Fe® in red cells were obtained 
1It is felt that a total of approximately 400 ml (i.e., 
10 plasma radioiron disappearance studies) during a pe- 
riod of 50 days did not significantly alter the serum iron 
concentration in patients who were not bleeding and 
whose dietary intake was adequate. 
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THE EFFECT OF TOTAL BODY IRRADIATION ON THE UPTAKE OF IRON BY THE RED BLOOD CELL. 


prior to serial uptake studies. Fe and Cr™ were counted 
in a single-channel y-ray spectrometer. 

The X-rays were generated with a Van de Graff elec- 
trostatic accelerator. The patients were irradiated with 
2.5 Mev X-rays at a distance of 240 cm, and a dose rate 
of approximately 25 r per minute. The central axis 
depth dose was measured in a Masonite phantom, with 
a suitable condenser r-meter. The integrating dosimeter 
was checked against a calibrated r-meter prior to each 
treatment. Half of the irradiation was delivered over 
the anterior surface with the patient supine, and the 
other half over the posterior surface of the body with 
the patient prone, in order to achieve a uniform depth 
dose. The arms and legs were extended. The dose in 
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roentgens indicated in our data represents the midline 
tissue dose in the thickest portion of the body, with the 
gradients from surface to surface not exceeding 2.5 per 
cent, and from head to toe not exceeding 4 per cent. 


RESULTS 


No change occurred in two cases in the red 
cell uptake of Fe®® following 100 r when the iso- 
tope was administered 2 days following total body 
irradiation (Figure 1, A and B). However, in 
one patient (Figure 1B), when the isotope was 
administered 28 days following irradiation, there 
was a marked depression in the red cell uptake of 
Fe®*, Despite the lack of change in red cell up- 
take 2 days following irradiation, these patients 
did demonstrate a marked change in the rate of 
plasma iron disappearance. In contrast to these 
patients with histologically normal marrows, Fig- 
ure 1, C and D demonstrates changes in red cell 
uptake of Fe°® administered 2 days after 80 r in 
two patients with chronic lymphatic leukemia. 
Because of the apparently greater sensitivity of the 
T, of the plasma radioiron disappearance as com- 
pared to the red cell uptake of Fe*®, further at- 
tention was primarily concentrated on this vari- 


able. 


All ten patients studied showed a marked and 
significant decrease in the plasma radioiron disap- 
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pearance rate, and hence an increase in the T,, 48 
hours after irradiation (Figure 2). Serial stud- 
ies revealed that the peak change during the first 
week occurred in all but one patient between 48 and 
72 hours after treatment. By the eighth day, the 
T, of the plasma Fe*® disappearance had returned 
to or near the original control level. In addition, 
there was a second, often greater, degree of change 
in the rate of plasma radioiron disappearance 
which occurred in the six patients studied from 22 
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to 29 days following total body irradiation (Fig- 
ure 3). There is no obvious explanation of the 
late third increase in the T, of one patient with 
chronic lymphatic leukemia. Radioiron studies 


could not be performed between Days 2 and 29 on 
the two patients with chronic lymphatic leukemia 
who received 80 r because red cell uptakes were 
being determined. 


TABLE I 
Clinical data 


Days after irradiation 


Control i 8 15 22 


Patient no. 
Ty (min) 


Retics (%) 


29407, ate 3 45 yrs; Hodgkin's disease for 24 months 
125 135 110 


Patient no. 29521, female, 43 yrs; Hodgkin's disease for 3 months 


Ty (min) 
Fe (ug ‘%) 
Fe/Ty 
Heb. (g %) 
Retics (%) 


61 
79 
1.26 
11.7 
0.9 
Normal ranges: 


Ty (min): 50-110 
Serum iron (ug %): 100+20 


Patient no. 28783, female, 40 yrs; giant follicular lymphoma for 17 months 


(min) 


Retics (%) 


Patient no. 


Ty (min) 
F 

Retics (%) 
Patient no. 


Ty (min) 


Retics (%) 


29218, male, 25 yrs; lymphoblastic lymphoma for 4 months 


193 142 128 113 


27649, male, 67 yrs; reticulum cell sarcoma for 5 months 


63 192 
86 148 214 
1.37 1.11 
14.6 14.6 14.4 
0.2 0.2 


Patient no. 28186, male, 45 yrs; reticulum cell sarcoma for 5 months 


Ty (min) 
Fe (ug %) 
Fe/Ty 
Hgb. (g %) 
Retics (%) 
Patient no. 


Ty (min) 


Retics (%) 


48 
71 


14.0 13.2 2.1 10.7 
1.2 0.9 


28672, male, 65 yrs; lymphosarcoma for 8 months 


85 (RBC uptake, see Figure 1B) 
73 96 28 


11.9 
0.8 


Patient no. 27011, male, 61 yrs; Hodgkin's disease for 3 months 


Ty (min) 


Retics (%) 


(RBC uptake, see Figure 1A) 
88 50 
13.2 12.2 11.8 

1,2 1.1 


Patient no. 28884, female, 75 yrs; chronic lymphatic leukemia for 6 months 


(min) 


Retics (%) 


174 (RBC uptake, see Figure 1C) 
71 


“1.08 
13.4 13.3 12.1 11.6 
1.7 1.4 1.1 1.2 


Patient no. 26351, male, 57 yrs; chronic lymphatic leukemia for 6 months 
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Retics (%) 


11 (RBC uptake, see Figure 1D) 
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As can be seen from the formula for plasma iron turnover : 


9.693 XK 24 (hrs) p< 60 (min) X serum iron concentration (uc/ml) X plasma volume (ml) 


T; (min) 


the two factors which are the most significant 
variables are the serum iron concentration and the 
T, of the plasma radioiron disappearance. <As- 
suming that the plasma volume remains stable, 
the ratio of the serum iron to the T, becomes a 
measure of erythropoiesis. Table I shows that, 
although the plasma iron concentration tended to 
rise following total body irradiation, the degree 
of change was not proportional in any single pa- 
tient to the degree of change in the plasma iron 
disappearance rate, particularly 22 to 35 days fol- 
lowing irradiation, Furthermore, the serum iron 
often varied greatly (Figure 4). This decrease 
in plasma iron turnover was especially marked 
during the second period of T, elevation which 
occured 22 to 29 days after irradiation. Hence, 
at this time, there was a very marked drop in 
iron utilization for erythropoiesis. 

Unlike changes which have been noted in ani- 
mals (11, 15, 16, 28, 29), no diphasic changes in 
the serum iron concentrations were noted in the 


patients studied. There was no significant change 
in the total iron-binding capacity at any time. 
The first increase in the T, preceded any de- 


crease in the hemoglobin concentration or change 
in reticulocyte count (Table I). The only sig- 
nificant alteration in the reticulocyte count was an 
increase occurring 30 to 40 days following irradi- 
ation, and associated with erythropoietic regener- 
ation. 

Shielding of one leg in three of our patients 
did not decrease the degree of change seen in the 
T, of the plasma radioiron disappearance. This 
is in contrast to the protection noted by shielding 
limbs of rats (12). The decrease in hemoglobin 
concentration and the changes in rate of plasma 
radioiron disappearance were not associated with 
bleeding in any of our patients. 


DISCUSSION 


The data indicate that unlike changes found in 
lower animals at similar X-ray dose levels (9, 11, 
13), in man the T, of the plasma radioiron disap- 
pearance is a more sensitive indicator of hemato- 
poietic damage than is depression of the red cell 
uptake of iron. Changes in the T, were con- 
sistently noted in all patients studied and ap- 
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peared to be a valid measure of radiation damage 
to the bone marrow. This change precedes any 
change in the peripheral blood count and at this 
dose level is not eliminated by shielding one leg. 

The second increase in the T, of the plasma 
Fe®® disappearance, not reported previously, indi- 
cates that functional changes occur in the erythro- 
poietic system for a longer period following total 
body irradiation than had been suspected. Since 
this increase is not associated with marked rises 
in the serum iron concentration, it represents a 
period of decreased plasma iron turnover that is 
more marked than that which occurs during the 
week immediately following irradiation. This 
change between Days 22 and 29 is distinct from 
the first increase noted during the 2 to 3 day pe- 
riod after irradiation, and is preceded by a nor- 
mal period which clearly separates it from the 
initial increase. Following the second increase, 
the T, either returned to the patient’s original 
control level or stabilized at a faster turnover rate 
(lower T,), presumably indicative of compensa- 
tory hyperactivity. 

The serum iron concentration varies a great 
deal in each patient and would not appear to be 
as reliable an indicator of radiation injury as the 
T,. An indication of this is the change often noted 
between the initial control level and the determina- 
tion on the day of irradiation, at which time 
serum iron levels were obtained prior to irradia- 
tion. 

The assumption has been made that, although 
these patients have a malignant tumor, they do 
have normal bone marrow function, with the ex- 
ception of the two patients with chronic lymphatic 
leukemia who had extensive infiltration of their 
marrow with lymphocytes. It is likely that the 
changes observed are similar to those which would 
be observed in normal subjects. 

There is currently no universally accepted 
theory to explain alterations in erythropoietic 
function following irradiation. Maturation ar- 
rest would not explain the diphasic change in 
the T, of the plasma radioiron disappearance. 
The temporary return to normal from 8 to 20 
days after irradiation may represent a compensa- 
tory effort on the part of the erythron, which can- 
not be sustained. 

The data indicate marked alterations in func- 
tion, since increases in the serum iron, when they 
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occur, do not compensate fully for increases in 
the T,. The T, increased in two patients with 
normal marrows, aithough there was no change in 
their red cell uptake of iron, 

It would appear that the T, can be used to in- 
dicate radiation damage, although the variation 
in the degree of change at 2 to 4 days, in this 
group of patients, appears to be too great to per- 
mit an exact quantification of unknown amounts 
of irradiation. 


SUMMARY 


Erythropoietic function has been studied in ten 
patients following 80 to 100 r total body irradia- 
tion. The plasma Fe*® disappearance rate was 
measured serially up to 64 days following irradia- 
tion, and red cell uptake of Fe®® was measured 
in four patients. 

All ten patients demonstrated a marked increase 
in the T, of the plasma iron disappearance rate 
during the week following irradiation. There 
was a second increase in the T, 22 to 29 days fol- 
lowing irradiation in all six patients studied, 
indicative of radiation injury and_ prolonged 
functional change. 

Two patients with normal marrows did not 
demonstrate changes in their red cell uptake of 
iron, whereas two patients with chronic lymphatic 
leukemia had significant depression of uptake. 

At this dose level, the T, of the plasma radio- 
iron disappearance seems to be a sensitive indi- 
cator of radiation damage, is associated with a 
decrease in plasma iron turnover, and increases 
prior to changes in the hemoglobin concentration 
or reticulocyte count. 
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Orotic aciduria is a rare disorder which has thus 
far been described only in the propositus (1). 
This patient, a 9 month old child, exhibited re- 
tarded growth and development associated with 
megaloblastic anemia unresponsive to vitamin B,., 
folic acid, ascorbic acid and iron. There 
heavy crystalluria, demonstrated on subsequent 
study to be due to the excretion of large amounts 
of orotic acid, a pyrimidine nucleotide precursor 
absent from normal urine. Improvement of the 
anemia without reversal of the megaloblastic 
marrow followed treatment with glucocorticoid 
hormones. The administration of a mixture of py- 
rimidine nucleotides led to a complete hematologi- 
cal remission, a remarkable improvement in gen- 
eral well-being, and a prompt reduction in orotic 
acid excretion. The patient died of an overwhelm- 
ing varicella infection in 1958. His surviving 
parents and three siblings were normal hemato- 
logically and exhibited no orotic acid in the urine 
on chromatographic examination. 

These clinical studies indicated the presence of 
a metabolic block in the pathway of pyrimidine 
biosynthesis, with impaired conversion of orotic 
acid to uridine-5’-phosphate (Figure 1). This 
report describes the development of assays for 
orotidylic pyrophosphorylase and orotidylic de- 


was 


carboxylase, the sequential enzymes which cata- 
Reduced activities of both 
enzymes were found in circulating erythrocytes 
from the parents and two of the three siblings of 
the deceased propositus of orotic aciduria. 


lyze this conversion. 


EXPERIMENTAL PROCEDURE 
Preparation of reactants 


Carboxyl-labeled orotic acid-C* (OA-C) was pur- 
chased from New England Nuclear Corporation. Car- 


* This study was supported by Research Grant A-1606 
(C2) from the Institute of Arthritis and Metabolic Dis- 
eases, Bethesda, Md. A preliminary report of this work 
has been published in abstract form (The enzymatic de- 


fect of orotic aciduria. J. clin. Invest. 1960, 39, 1029). 


boxyl-labeled orotidine-5’-phosphate-C* (O5P-C™) was 
biosynthetically prepared essentially as described by 
Lieberman, Kornberg and Simms (2). Ammonium 
sulfate fractionation used in the purification of 
orotidylic pyrophosphorylase from yeast (3). The yield 
was increased (to about 10 per cent) by the inclusion of 
azauridylic acid! (6 X 10°M) in the incubation medium 
to inhibit any residual orotidylic decarboxylase (4). 
Uniformly labeled L-aspartate-C’* was purchased from 
Nuclear Chicago Corporation. d/-Dihydroorotate-C“ 
was synthesized as previously described (5). 5-Phos- 
phoribosylpyrophosphate (PRPP) was purchased as the 
magnesium salt from Sigma Chemical Corporation, 
converted to the sodium salt on a Dowex-50 ion ex- 
change column, and assayed as described by Kornberg, 
Lieberman and Simms (6). Orotidylic decarboxylase 
was purified from baker’s yeast by the method of Hep- 
pel and Hilmoe (7). 

Erythrocytes were separated from approximately 25 
ml of venous blood as previously described (5). The 
erythrocytes were frozen and maintained at — 10° C un- 
til assays for enzymatic activities were carried out on 
aliquots of the whole hemolysates. Pilot studies revealed 
no loss of enzymatic activity over a period of 1 week. 
Saliva obtained using paraffin stimulation cen- 
trifuged at 25,000 G for 30 minutes, and the su 
pernatant was assayed for enzymatic activity. 


was 


Assay procedures 


The assay procedures, established after determining 
the characteristics of the enzyme systems in hemolysates 
of circulating erythrocytes, are modifications of those 
described by Lieberman and associates (2). 

1. Orotidylic pyrophosphorylase. In this assay the 
release of carbon dioxide-C™ from carboxyl-labeled oro- 
tic acid-C™ was measured in the presence of optimal con- 
centrations of Mg** and PRPP and of excess purified 
yeast orotidylic decarboxylase: OA-C™, 2.5 X 10*M (3.6 
x 10° cpm per umole); PRPP, 2.5 x 10*M; Mg**, 2.5 
x 10°M; yeast orotidylic decarboxylase, approximately 
0.1 U (2); Tris buffer (pH 7.8), 0.25 M, in a final vol- 
ume of 1 ml. 

2. Orotidylic decarboxylase. Enzymatic activity was 
measured as the release of carbon dioxide-C™ from bio- 
synthetically prepared carboxyl-labeled oritidine-5’-phos- 
phate: 5x 10°M (3.6 X 10° cpm per ymole) ; 


1 We are grateful to Dr. R. E. Handschumacher for a 
gift of azauridylic acid. 
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phosphate buffer (pH 6.6), 0.25 M, in a final volume of 
1 ml. 

Incubations were carried out under air in the outer 
chamber of stoppered center-well 10-ml Erlenmeyer flasks 
with constant shaking at 37° C for 60 minutes. The re- 
actions were stopped by the introduction of excess sul- 
furic acid and shaking was continued for 45 minutes 
for completion of carbon dioxide trapping in center-well 
hyamine base (8). Radioactivity was measured using 
a Tricarb liquid scintillation spectrometer.2. Assays for 
aspartate carbamyltransferase and dihydroorotase and 
for isolation of orotic acid were carried out as previously 
described (5). 

Subjects 

Control studies were carried out on erythrocytes from 

laboratory personnel. Erythrocytes were obtained from 


the parents and the 3 surviving siblings (ages 16, 12 and 
8) of the deceased patient with orotic aciduria. All of 


2 Packard Instrument Company, La Grange, III. 
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these subjects were normal hematologically and had ex- 
hibited normal growth and development. The parents 
and 2 brothers of another subject, presumably heterozy- 
gous for orotic aciduria, were also investigated. The 
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father and 1 of the 2 brothers of the latter subject had 
hyperuricemia and clinical gout. 


RESULTS 

Orotidylic pyrophosphorylase. Orotidylic py- 
rophosphorylase, previously studied as a partially 
purified enzyme from yeast (2, 3), catalyzes the 
formation of orotidine-5’-phosphate from orotic 
acid and 5-phosphoribosylpyrophosphate in the 
presence of Mg** (Figure 1). This reaction, a 
reversible pyrophosphorolysis, has also been stud- 
ied less rigorously in experimental tumors (4) 
and in rat liver homogenates (9). Studies on the 


characteristics of this enzyme in human erythro- 
cyte hemolysates are summarized by the series of 
graphs presented in Figure 2. The substrate con- 
centration curve showed enzyme saturation to be 
attained at approximately 5 x 10°°M orotic acid. 
The calculated Km for orotic acid in this system 
was 0.4 x 10°°. Similarly the Km for PRPP was 
calculated to be 1.6 X 10°, although the instability 
of this compound and the wide variety of com- 
peting reactions in such a crude enzyme prepara- 
tion detract from the significance of this value. 
In dialyzed preparations, Mg** was required with 
an optimal concentration of 2 x 10°M. The pH 
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activity curve demonstrated maximal synthesis of 
O5P at 7.8. The reaction was linear with time 
over a period of 1 hour. It is to be noted that O5P 
synthesis was not proportional to enzyme con- 
centration (number of hemolyzed erythrocytes) at 
rates of synthesis less than 1 mpymole per hour. 
This lack of a linear response at these extremely 
low rates of synthesis was also noted in studies of 
the orotidylic decarboxylase reaction on erythro- 
cyte hemolysates (see below) and of dilute prepa- 
rations of rat liver homogenates and _ partially 
purified yeast enzymes. The following manipu- 
lations failed to lead to a linear response in this 
section of the curve: use of an internal bicarbonate 
carrier; addition of glutathione, cysteine or hu- 
man albumin; addition of a boiled extract of a 
hemolysate; incubation at 24° C or collecting 
CO, at 56° C. Inall assay procedures, determina- 
tions were made on the linear part of the enzyme 
concentration curve. The reversibility of this re- 
action in erythrocyte preparations was demon- 
strated as the release of orotic acid-C' from O5P- 
C™ in the presence of inorganic pyrophosphate, 
but the characteristics of the backward reaction 
(pH curve, time curve, substrate concentration 
curve) were not determined. 

Orotidylic decarboxylase. Orotidylic decar- 
boxylase catalyzes the irreversible decarboxylation 
of orotidine-5’-phosphate to uridine-5’-phosphate 
(2). This reaction has no known cofactors. Re- 
cent evidence suggests that the activity of the en- 
zyme is influenced by the concentration of uridine- 
5’-phosphate (9), and is competitively inhibited 
by 6-azauridylic acid (4). Some of the biochem- 
ical characteristics of orotidylic decarboxylase in 
human erythrocyte hemolysates are summarized 
in Figure 3. The substrate concentration curve 
indicated enzyme saturation at approximately 
5 X 10°M O5P. The calculated Km for O5P is 
1.1 x 10°. There was a broad, flat pH curve 
with the optimal pH in the range 6.2 to 6.8. The 
decarboxylation was linear with time over a pe- 
riod of 2 hours. The enzyme concentration curve 
deviated from a linear response at rates of car- 
bon dioxide liberation of less than 1 mpmole per 
hour, as discussed concerning orotidylic pyro- 
phosphorylase above. The reaction was not af- 
fected by ethylenediamine tetraacetic acid (10°? 
M), the addition of Mg**, or preincubation of the 
enzyme preparation with pyridoxalphosphate (2 X 
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10° M), biotin (2 X 10°° M), or avidin (1 U per 
ml). 

Erythrocyte enzymatic activities in control sub- 
jects and in heterozygotes of orotic aciduria, The 
normal range of activity of orotidylic pyrophos- 
phorylase per 10° erythrocytes is summarized in 
Figure 4. Erythrocytes from the parents and 
two of the three siblings of the propositus of oro- 
tic aciduria (R. family) exhibited reductions of 
enzymatic activity while that of the third sibling 
was in the normal range. These determinations 
were carried out repeatedly and at varying en- 
zyme concentrations. In the course of these stud- 
ies, one subject (J.S.), chosen as an apparently 
normal control, was found to have consistently 
low levels of erythrocyte orotidylic pyrophos- 
phorylase activity on five determinations over a 
period of several months. This subject was nor- 
mal clinically and hematologically and was found 
to have a normal serum uric acid concentration. 
Studies of the parents and two brothers of J.S. 
(the S. family) revealed a tendency toward re- 
duced activity of orotidylic pyrophosphorylase, 
but this was not statistically significant. 

Orotidylic decarboxylase was also studied in 
the same subjects, and the enzyme activities per 
10° erythrocytes are summarized in Figure 5. A 


CONTROLS” R. FAMILY S. FAMILY 
mpM/109 RBC e 
: 
: | 
+ 
10 onl 
2 
e 
: 
x 
a 


OROTIDYLIC PYROPHOSPHORYLASE 


Fic. 4. OroripyLic PYROPHOSPHORYLASE ACTIVITIES IN 
ERYTHROCYTES FROM CONTROL SUBJECTS AND PRESUMED 
HETEROZYGOTES OF OROTIC ACIDURIA. R. family: parents 
and 3 siblings of propositus of orotic aciduria. S. family: 
parents, siblings, and 5 determinations on a new heterozy- 
gote of orotic aciduria. 
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ACTIVITIES IN 
AND PRESUMED 


pattern similar to that for orotidylic pyrophos- 
phorylase was observed with a reduction of en- 
zyme activity in the erythrocytes of four of the five 
surviving members of the R. family and in Sub- 
ject J.S. 

Since two consecutive enzymes in pyrimidine 
biosynthesis were found to be reduced in activity, 
it was imperative to demonstrate the specificity 
of these abnormalities. In Figure 6 are summa- 
rized studies of the enzymatic activities (per 10° 
erythrocytes ) 
and dihydroorotase, enzymes prior to orotic acid 
biosynthesis. With the exception of one value 
that was unusually high, erythrocyte levels of 
these enzymes were normal in all subjects. 

Mixtures of hemolysates from normal and 
“defective” erythrocytes were additive in enzy- 
matic activities, evidence against the presence of 
an inhibitory agent. Within the limits imposed 
by nonpurified enzyme preparations, the Michaelis 
constants determined for orotic acid and orotidylic 


of aspartate carbamyltransferase 


acid were the same for enzyme preparations from 
normal and “defective” erythrocytes. 

Levels of enzymatic activities in saliva. Oroti- 
dylic pyrophosphorylase and orotidylic decarboxy- 
lase activities were also studied in saliva from a 
series of control subjects and from Subject J.S. 
As might be anticipated, there was a wide scatter 
of enzyme activity per milligram of N in the 
25,000 X G supernatant from saliva. Although 
the lowest activities of both enzymes were found 


in studies of J.S. (Figure 7), these values were 
not statistically significant due to the wide normal 
range. 


DISCUSSION 


In this study the metabolism of orotic acid in 
hemolysates of human erythrocytes was shown 
to follow the same pathway previously demon- 
strated in bacteria (2) and rat liver homogenates 
(9). Orotidylic pyrophosphorylase in man _ re- 
sembles the enzyme from £. coli in its optimal 
pH range, requirement for magnesium ions and 
5-phosphoribosylpyrophosphate, and in its rever- 
sibility in the presence of inorganic pyrophosphate. 
The estimated Km for PRPP (1.6 x 10°) agrees 
closely with that previously reported (2 x 10°), 
but the Km for orotic acid (0.4 x 10°) was 
lower than that found for the partially purified 
bacterial enzyme (2 X 10°°). Orotidylic decar- 
boxylase exhibited a broad optimal pH range 
(pH 6.2 to 6.8). 
strated. Specifically the addition of pyridoxal- 
phosphate or biotin and preincubation of the en- 
zyme preparation with avidin did not alter enzyme 
activity. 


No cofactors could be demon- 


The Km for orotidine-5’-phosphate in 
human erythrocytes (1.1 x 10°) approximates 
that found with the bacterial enzyme (1.4 x 10°) 
(3). Low but reproducible activities of both en- 
zymes were found in normal human erythrocytes. 

Assay procedures have now been developed 
for five sequential enzymes in hemic cells leading 
to the formation of uridylic acid from simple pre- 
cursors (Figure 8). Four of these enzymes— 
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aspartate carbamyltransferase, dihydroorotase, 
orotidylic pyrophosphorylase and orotidylic de- 
carboxylase—are present in reproducible activities 
in the mature human erythrocyte. Dihydroorotic 
dehydrogenase, which catalyzes the oxidation of 
dihydroorotic acid to orotic acid, is absent in the 
mature erythrocyte leading to a complete block 
in the de novo biosynthesis of pyrimidine nucleo- 
tides (Figure 8) (5). This erythrocyte enzyme 
pattern parallels that found in an E£. coli mutant 
(ATCC no. 12632) which has a genetic block in 
dihydroorotic dehydrogenase activity (10). 
Erythrocytic dihydroorotic dehydrogenase seems 
to be lost during the process of maturation. 
Orotidylic pyrophosphorylase and orotidylic de- 
carboxylase seem to be vestigial in the mature 
erythrocyte, which is unable to form precursor 
orotic acid, and is unique in containing no nucleic 
acids, 

The propositus of orotic aciduria died before 
this study was undertaken (1). No subsequent 
cases of this unusual syndrome have been de- 
scribed. Clinical investigation of the original 
patient seemed to establish quite clearly that there 
was a block in the conversion of orotic acid to 
uridine-5’-phosphate. 1) Large amounts of oro- 
tic acid (0.5 to 1.5 g) were excreted in the pa- 
tient’s urine. This pyrimidine cannot be detected 
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in normal urine. 2) There was a striking clinical 
and hematological remission during treatment 
with a mixture of pyrimidine nucleotides, sub- 
stances distal to the presumed metabolic block. 
3) Pyrimidine nucleotide treatment resulted in a 
reduction of orotic acid excretion, indicating a 
specificity of the therapeutic action. This find- 
ing is consistent with negative feedback control 
of pyrimidine biosynthesis, as demonstrated in 
E. coli in the classical studies of Yates and Pardee 
(11). The accumulation and excretion of orotic 
acid by the patient is analogous to the pattern of 
“pyrimidine starvation” seen in FE. coli mutants 
grown in minimal media. <A less marked pattern 
of pyrimidine starvation in man has been sug- 
gested from studies on pernicious anemia (12). 
In the absence of blood cells or tissue from the 
deceased patient, studies were carried out on his 
surviving family members in an attempt to dem- 
onstrate a heterozygous defect. The data obtained 
demonstrated significant reductions of both oro- 
tidylic pyrophosphorylase and orotidylic decar- 
boxylase activities in erythrocytes from the pa- 
rents and two of the three siblings of the propo- 
situs. Both enzyme activities were normal in the 


MATURE ERYTHROCYTE 
NORMAL OA'uria 
ASPARTIC ACID + CAP 
+++ E | 1 +++ 
CARBAMYLASPARTIC ACID 
++ ++ 
DIHYDROOROTIC ACID 


's 
OROTIC ACID 


+ + 
OROTIDINE - 5'- PHOSPHATE TIG 
BLOCK 
+ E | 5 + 


URIDINE -5'- PHOSPHATE 


Fic. 8. SUMMARY OF LEVELS OF ENZYMES INVOLVED IN 
URIDINE-5’-PHOSPHATE BIOSYNTHESIS IN NORMAL HUMAN 


ERYTHROCYTES AND IN ERYTHROCYTES OF SUBJECTS HETER- 
OZYGOUS FOR OROTIC AcCIDURIA. OAuria, orotic aciduria; 
E1, aspartate carbamyltransferase; E2, dihydroorotase ; 
E3, dihydroorotic dehydrogenase; E4, orotidylic pyro- 
phosphorylase; E5, orotidylic decarboxylase. 
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R. FAMILY 


PRESUMED PATTERN OF INHERITANCE OF OROTIC 
ACIDURIA IN THE R. FAMILY. 


OROTIC 
ACIOURIA 


Fic. 9. 


third sibling. This pattern is consistent with the 
transmission of orotic aciduria as an autosomal 
recessive trait, with the deceased patient pre- 
sumed to have been homozygous (Figure 9). 
There was no close consanguinity in the family, 
although the parents had a common ancestor who 
was the grandfather of the father and the great- 
grandfather of the mother, 

It is unlikely that the defect in the conversion 
of orotic acid to uridine-5’-phosphate was limited 
to the patient’s erythropoietic system in view of 
his diversity of symptoms and failure of growth 
(1). Gastrointestinal symptoms were prominent, 
suggesting involvement of intestinal epithelium, 
a tissue which is known to undergo rapid regenera- 
tion. Preliminary observations suggest that re- 
duced activities of orotidylic pyrophosphorylase 
and orotidylic decarboxylase are found in poly- 
morphonuclear leukocytes from heterozygotes of 
orotic aciduria. In the syndrome of primaquine- 
sensitive hemolytic anemia, deficiency of glucose- 
6-phosphate dehydrogenase activity has been 
found in erythrocytes, platelets and leukocytes 
(13). Recent studies have shown the enzyme 
defect to be present also in saliva (14). Simi- 
larly, salivary levels of orotidylic pyrophosphory- 
lase and orotidylic decarboxylase were found to 
be low in a heterozygote of orotic aciduria, al- 
though the wide range of normal values reduces 
the significance of this observation. 

In previous studies of enzymatic abnormalities 
associated with human “inborn errors of metabo- 
lism,” defects of single enzymes have been found, 
in keeping with the one gene-one enzyme hypothe- 
sis (15). Possible exceptions to this genera‘iza- 


tion have been reported as combined deficiencies 
of blood coagulation factors. Similarly, muta- 
tions in bacteria and Neurospora almost uniformly 
are specific for a single enzyme (16). In the 
current studies two sequential enzymes were 
found to be equally deficient. Specificity of these 
enzyme defects was indicated by finding normal 
erythrocyte levels of aspartate carbamyltransferase 
and dihydroorotase, earlier enzymes in the pyrimi- 
dine biosynthetic pathway. Studies of mixtures of 
hemolysates from normal and defective cells gave 
no evidence for the presence of an inhibitory 
agent. Further studies carried out in an attempt 
to determine whether the deficiency of one of these 
enzymes is more likely to be primary are reported 
elsewhere (17). 

In the course of these studies another subject 
(J.S.) was found whose erythrocytes have re- 
peatedly exhibited over a period of months re- 
duced activities of orotidylic pyrophosphorylase 
and orotidylic decarboxylase with levels compara- 
ble to those found in the family of the patient with 
orotic aciduria. Preliminary observations sug- 
gest that the defect is also demonstrable in his 
leukocytes. The enzyme defects were “specific” 
in that normal erythrocyte levels of aspartate 
carbamyltransferase and  dihydroorotase were 
found. It seems probable that this subject is 
also heterozygous for orotic aciduria. It is to be 
noted, however, that no clear-cut pattern of in- 
heritance could be demonstrated in his immediate 
family. No large survey has as yet been under- 
taken to document the true incidence of the orotic 
aciduric defect. The finding of another presumed 
heterozygote in the current small series suggests 
that the abnormal gene may have wide distribu- 
tion. If this is so, the rarity of the syndrome of 
orotic aciduria suggests that the genetic defect is 
usually lethal in the homozygous state. It may 
well be asked how the propositus of orotic aci- 
duria was able to survive with a homozygous de- 
fect in the main pathway for the de novo synthesis 
of pyrimidine nucleotides. An analogous mu- 
tant in E. coli (ATCC no. 11548) exhibits the 
“orotic aciduria syndrome” in that it accumulates 
orotic acid in the medium and demonstrates a 
block in the conversion of orotic acid to uridine- 
5’-phosphate (11, 17). This organism fails to 
grow in the absence of an exogenous source of 
uracil or pyrimidine nucleotides. The patient 
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failed to respond to the administration of large 
amounts of uracil, indicating an ineffective ‘‘sal- 
vage synthesis” of pyrimidine nucleotides from 
free pyrimidine bases, which are liberated in nu- 
cleic acid degradation (18). In the absence of an 
opportunity for direct measurements, it must be 
assumed that although homozygous, the patient 
was able to form orotidylic pyrophosphorylase 
and orotidylic decarboxylase in amounts sufficient 
for marginal survival. The phenomenon of inter- 
allele complementation in enzyme formation has 
recently been demonstrated in Neurospora crassa 
(19) and in some bacterial mutants. Here, the 
crossing of different mutants, each without de- 
tectable enzymatic activity, resulted in progeny 
with the ability to synthesize the enzyme in ques- 
tion. Enzyme production by interallele comple- 
mentation has always resulted in levels of ac- 
tivity markedly reduced below those found in 
wild-type strains. It is possible that some such 
form of “genetic leakage” permitted the survival 
of the propositus of orotic aciduria. 

The father and one brother of Subject J.R. 
have idiopathic hyperuricemia with typical at- 
tacks of gouty arthritis. The occurrence of a 
“pyrimidine disease” and of the most frequent 
“purine disease” in the same family is a provoca- 
tive finding. The deceased patient with orotic 
aciduria exhibited no evident abnormality of uric 
acid metabolism. Subsequent studies of erythro- 
cytes from ten subjects with idiopathic gout have 
failed to reveal the enzyme pattern of orotic aci- 
duria (20). At the present time no definite re- 
lationship of orotic aciduria to gout has been es- 


tablished. 


SUMMARY 


1. Two enzymes which catalyze the conversion 
of orotic acid to uridine-5’-phosphate, orotidylic 
pyrophosphorylase and orotidylic decarboxylase, 
were found to be present in reproducible activities 
in circulating human erythrocytes. Both enzymes 
were also detected in saliva. 

2. Reduced activities of orotidylic pyrophos- 
phorylase and orotidylic decarboxylase were found 
in erythrocytes from the. parent and two of the 
three siblings of the deceased propositus of oro- 
tic aciduria. The erythrocytes exhibited normal 
activities of aspartate carbamyltransferase and di- 
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hydroorotase, earlier enzymes in the pyrimidine 


biosynthetic pathway. 

3. The pattern of inheritance of orotic aciduria 
is consistent with that of an autosomal recessive 
trait. 

4. In a small control series another heterozy- 
gote of orotic aciduria was discovered. It is sug- 
gested that the genetic disorder of orotic aciduria 
is usually lethal in its homozygous state. 
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THE EFFECTS OF THERAPY ON PULMONARY MECHANICS 
IN HUMAN PULMONARY EDEMA * 
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We have previously described pulmonary me- 
chanics in human pulmonary edema (1). The 


present report deals with the effects of morphine, 
aminophylline and positive pressure breathing on 
the altered pulmonary mechanics of patients with 
acute pulmonary edema. 


METHODS 


Patients selected for study had acute pulmonary edema 
as defined by the presence of: 1) moderate to marked 
dyspnea at rest; 2) moist rales over at least one-half of 
both lung fields in the absence of fever or other signs of 
pulmonary infection; 3) evidence of incapacitating heart 
disease with previous episodes of pulmonary congestion 
or edema; 4) roentgenographic changes consistent with 
pulmonary edema. Of the 6 patients studied, 3 had ar- 
teriosclerotic heart disease, 2 had chronic rheumatic 
valvular disease, and 1 had hypertensive cardiovascular 
disease. 

As soon as possible after the diagnosis of pulmonary 
edema had been made, pulmonary compliance and re- 
sistance were measured repeatedly over a 20 to 30 min- 
ute period prior to the use of therapeutic agents to es- 
tablish the variability of these measurements over short 
periods of time. Following the control observations, a 
single therapeutic agent was given and measurements 
repeated at intervals varying from 1 to 10 minutes. All 
observations were made with patients sitting in bed. 
Morphine and aminophylline were given intravenously 
in doses of 10 mg and 0.5 g, respectively. In following 
the effects of these two agents, observations were made 
over periods of 25 to 30 minutes following administra- 
tion. Positive pressure breathing was given through a 
plastic mouthpiece connected in series with a screen 
pneumotachograph and positive pressure breathing valve. 
Compressed air rather than oxygen was used in order to 

* Supported by grants-in-aid from the American Heart 
Association and the Surgeon General of the Army. 

+ This work was carried out during tenure of an Es- 
tablished Investigatorship of the American Heart As- 
sociation. Dr. Sharp’s present address is the Cardio- 
pulmonary Laboratory, Veterans Administration Hospi- 
tal, Hines, Ill. 

t This work was carried out during tenure of a Re- 
search Fellowship of the American Heart Association. 


avoid confusing the therapeutic effect of positive pres- 
sure breathing with that of oxygen. The pneophore valve 
was set for peak expiratory pressures of 15 to 20 cm of 
water and was adjusted to the highest levels which could 
be comfortably tolerated by the patient and which did 
not depress the blood pressure.1 Mean airway (mouth- 
piece) pressure averaged +7 cm H,O, peak expiratory 
pressure, +17 cm H.O, and mean expiratory pressure, 
+12 cm H,O. A typical record obtained during positive 
pressure breathing is shown in Figure 1. Pulmonary 
compliance was measured before, during, and after posi- 
tive pressure breathing as indicated in Figures 1 and 3. 
Pulmonary resistance was measured before and during 
positive pressure breathing. 

Esophageal pressure was recorded in early experi- 
ments through a water-filled polyethylene catheter, 60 
cm long, with an internal diameter of 0.09 cm attached 
to a pressure transducer of low volume displacement, 
and in later experiments through an air-filled balloon 
catheter (balloon length 15 cm) similar to that described 
by Mead, Mcllroy, Selverstone and Kriete (2). Through 
use of pressure transducers of low volume displacement, 
the response characteristics of both esophageal pressure 
recording systems were adequate. The tip of the cathe- 
ter in each case lay in the upper or middle third of the 
esophagus. Airflow was recorded by measuring the dif- 
ferential pressure across a 400 mesh Monel metal screen, 
2 inches in diameter. In early experiment* 2 tidal vol- 
ume was measured in a standard 7 L spire iete: to the 
counterweight of which was attached an electrical con- 
tact to a resistance wire. This resistance wire formed 
two arms of a resistance bridge which was activated by 
a mercury cell, the output of which was fed into a DC 
amplifier. In later experiments, a low inertia Krogh 
spirometer was used, at the fulcrum of which was at- 
tached an angular displacement transducer of linear 
characteristics. During positive pressure breathing the 
mouth pressure was also recorded, as shown in Figures 


1 The pneophore valve, manufactured by Mine Safety 
Appliances, Inc., is a pressure-cycled device providing 
positive pressure during inspiration and expiration. The 
expiratory pressure at which the valve is set is the peak 
end-inspiratory pressure which trips the valve, initiating 
expiration. The top tracings in Figures 1 and 2 are 
mouth pressures recorded during use of this valve, and 
their examination may clarify concepts of the valve’s 
operation. 
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NG COMPLIANCE CALCULATION PPB. 
INSPIRATION" E XPIRATIONI 


| SEC. 


MOUTH 


AIR FLOW Vy 0.7L 


Vv 
COMPLIANCE = = 
/om. 
14 0.05 L/cm.H20 


Fic. 1. THE CALCULATION OF LUNG COMPLIANCE DUR- 
ING POSITIVE PRESSURE BREATHING (P.P.B.) FROM TRAC- 
OF MOUTH PRESSURE, ESOPHAGEAL PRESSURE AND 
AIRFLOW. The tidal volume is determined by integra- 
tion of the area under the airflow curve. The large solid 
dots indicate points of zero airflow. It will be noted that 
inasmuch as compliance equals AV divided by AP, ab- 
solute values of esophageal and mouth pressures need 
not be known so long as static pressures at the beginning 
and end of inspiration are known. 


INGS 


1 and 2, and the tidal volume was obtained by integration 
of the pneumotachographic tracing. 

Pulmonary compliance during both ambient pressure 
and positive pressure breathing was obtained by dividing 
the tidal volume by the change in static transpulmonary 
pressure. During ambient pressure breathing, tidal vol- 
ume was divided by the difference between static end- 
expiratory and static end-inspiratory esophageal pres- 
sure. The calculation of pulmonary compliance during 
positive pressure breathing (P.P.B) is shown in Fig- 

tidal volume 
AM.P. and AE.P. are the changes in mouth pressure and 
esophageal pressure, respectively, between points of zero 
flow (indicated by the large solid dots) at the beginning 
and at the end of an inspiration. The expression 
(AM.P.— AE.P.) is the change in static transpulmonary 
pressure and is obtained by subtracting algebraically 
the esophageal pressure from the mouth pressure as 
shown in the sample calculation in Figure 1. It will be 
noted that absolute pressure need not be known, only 
the change in transpulmonary pressure; points of zero 
airflow are used for reference 

In the studies of the effec 
ing on 2 normal subjects, 


ure 1, Pulmonary compliance = 


vositive pressure breath- 
he volume, in addition to 
being calculated by integration of the flow curve as was 
done in the pulmonary edema patients, was also directly 
measured by having the patient lie prone in a horizontal 
body plethysmograph. 

Pulmonary resistance was calculated at points of 0.5 L 


per second airflow by the method of von Neergaard and 
Wirz (3), which method gives a resistance value repre- 
senting the sum of airway and lung tissue resistances. 
The method, modified somewhat to permit calculation of 
pulmonary resistance during positive pressure breathing 
is shown in Figure 2. Pulmonary resistance = P,/V, 
where Pr is the resistive component of the pressure dif- 
ference between pleural space (or esophagus) and 
mouth at any time during inspiration, and V is the simul- 
taneous airflow. P, at time x in the figure, at which 
time volume Vx has entered the lungs, is (AM.P. — AE.P.) 
—AP.. AP. is the static transpulmonary pressure or that 
pressure necessary to distend the lung statically to vol- 
ume Vx and is obtained by dividing the volume Vx by 
the lung compliance (previously calculated for this 
breath, as in Figure 1). Absolute pressures need not be 
known, since the end-expiratory volume and pressure are 
used as the “zero” reference points for this calculation. 
Compliance and resistance values are averages of values 
obtained from 6 to 10 breaths. 


RESULTS 


The effects of positive pressure breathing. Table 
I presents data on the three subjects in whom posi- 
tive pressure breathing was evaluated. Pulmonary 
compliance during positive pressure breathing 
was consistently higher than that during ambient 


PULMONARY RESISTANCE CALCULATION PPB. 
XPIRATION{ 


V= 0.7 L/SEC 


AIR FLOW 
Vx 20.464 


RESISTANCE = Pa — (AMP— 4E.P)—4Pe 
Vv 


R= (aMP- BEP)—Vx/c 


ans 
C-2 _ 


Vv 
7-8 =_9 = 13 


Fic. 2. THE CALCULATION OF PULMONARY RESISTANCE 
DURING POSITIVE PRESSURE BREATHING FROM SIMULTANE- 
OUS TRACINGS OF ESOPHAGEAL PRESSURE, MOUTH PRESSURE 
AND AIRFLOW. The volume which has entered the lungs 
at time x, Vx, is obtained by integrating the area under 
the airflow curve from the beginning of inspiration to 
time x. Resistance is expressed in cm H:O/L/sec. The 
pulmonary compliance, necessary to determine AP., is 
calculated as shown in Figure 1, 
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TABLE I 


The effects of positive pressure breathing (P.P.B.) on pulmonary mechanics * 


Patient Measurement Before P.P.B. 


Pulmonary edema patients 


M.O. 


Compliance 
Insp. resistance 
Exp. resistance 
Resp. rate 
Tidal volume 


Compliance 
Insp. resistance 
Exp. resistance 
Resp. rate 
Tidal volume 


nN 


wm 


Compliance 
Insp. resistance 
Exp. resistance 
Resp. rate 
Tidal volume 


0. 
1 

0. 
0 
0. 
0 
0. 


0.367 + 0.022 
21 


Normals 


D.Ra. 


Compliance 
Resp. rate 


Tidal volume 1.33 


D.Rm. Compliance 0.119 + 0.005 


Resp. rate 21 
Tidal volume 0.79 


(see text for discussion). 


pressure spontaneous breathing. These increases 
in lung compliance could not be explained by 
changes in respiratory frequency or by tidal vol- 
ume changes. Data for Patient H.L., which are 
representative of the three patients, are illustrated 
in Figure 3. The increases in lung compliance 
over the initial values for the three patients were 
44, 40 and 24 per cent, averaging 36 per cent. 
There was also a trend for the compliance values 
after positive pressure breathing to be higher than 
those before positive pressure breathing. Data on 
the two normal subjects, showing no significant 
changes in compliance on positive pressure breath- 
ing, are shown in the lower portion of Table I. 
A small but significant increase in both inspira- 
tory and expiratory resistance was observed in 
one patient during positive pressure breathing and 
a significant decrease in expiratory resistance in 
another. 

The effect of intravenous aminophylline. The 
pulmonary compliance consistently and_ signifi- 
cantly increased following intravenous aminophyl- 
line in the three patients studied (Table II and 


During P.P.B. After P.P.B. 


0.039 + 0.0016 


22 
0.67 
0.065 + 0.0029 0.0057 + 0.001 
10.5 + 0.84 
11.7 +1.07 
21 22 
0.64 0.63 
0.075 + 0.0024 <0.01 
<0.05 
<0.05 


0.054 + 0.0021 


20 
0.50 


0.316 + 0.109 
20 

0.72 

0.134 + 0.006 >0.05 
23 

0.84 


L/Cm. 


(Liters) 


z= = 
S.B. P.P.B. S.B, P.P.B. 


Respiratory Rate Tidal Volume Pulmonary Compliance 


(Breaths/min, ) 


Fic. 3. ‘THE EFFECTS OF POSITIVE PRESSURE BREATHING 
ON LUNG COMPLIANCE IN A PATIENT WITH PULMONARY 
EDEMA. Ten-minute periods of positive pressure breath- 
ing (P.P.B.) are alternated with periods of spontaneous 
ambient pressure breathing (S.B.). Lung compliance 
rises significantly during positive pressure breathing, 
but falls again on cessation of positive pressure breath- 
No consistent changes in tidal volume or respira- 
Brack- 


ing. 
tory rate accompanied the compliance changes. 
ets indicate +2 SE. 


| 0.035 + 0.0009 0.049 + 0.0013 PC <0.01 pa 
1442 +1. >0.05 
13.3 +18 8.0 + 0.43 <0.05 
19 
0.70 
F.S. 5 + 0.0008 
+ 1.1 
+ 0.7 
HLL. 7 + 0.001 
+ 0.3 
+ 0.6 
= | 
= 0.68 
E * Pulmonary compliance is expressed in L/em H,O; pulmonary resistance in cm H,O/L/sec; respiratory rate in a 
breaths/min; tidal volume in L. Standard errors of the mean for compliance and resistance measurements are given i 
PULMONARY EDEMA Recovery 
10+ P.P.B.S.B. P.P.B. 
19 
18 
17 
16 
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TABLE II 


The acute effects of intravenous aminophylline on 


pulmonary mecianics in pulmonary edema * 


F.W. 


Patient Measurement 


Compliance 
Insp. resistance 
Resp. rate 
Tidal volume 


Compliance 
Insp. resistance 
Resp. rate 
Tidal volume 


Compliance 


Before amino- 
phylline 


After amino- 
phylline 


0.033 +0.0022 
10.8 +0.83 
31 

0.55 


0.029 +0.0015 
12.0 +0.58 
34 
0.28 


0.073 +0.0021 


0.108 +0.0091 


Insp. resistance 3.5 +0.12 
Exp. resistance 24 +0.78 
Resp. rate 28 


Tidal volume 0.74 


* See footnote to Table IL. 


Figure +). These increases could not be explained 
by coincident changes in tidal volume or respira- 
tory rate. Pulmonary resistance consistently de- 
creased after aminophylline (Table II). Both 
and resistance changes following 
aminophylline administration are significant with 
p values well under 0.05 and most under 0.01. 
The effects of intravenous morphine. Figure 
5 represents typical data before and after the in- 


compliance 


THE EFFECT OF AMINOPHYLLINE 


L/em. 4,0 


PULMONARY COMPLIANCE 


o S& 20 35 
TIME IN MINUTES 


“0 


Fic. 4. Tue EFFECT OF INTRAVENOUS AMINOPHYLLINE 

PULMONARY COMPLIANCE IN THREE PATIENTS WITH 
PULMONARY EDEMA, Significant increases in pulmonary 
compliance were seen in all three patients. Brackets in- 
dicate +2 SE. 


ON 
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travenous administration of morphine. No sig- 
nificant changes in compliance occurred despite 
moderate fluctuations in tidal volume and rate. 
The three patients all showed a central depres- 
sant effect following morphine and all described 
some degree of subjective clinical improvement. 
Compliance data for these three patients are 
shown in Table III. It is apparent that morphine 
had no demonstrable effects upon lung compliance 
in these three patients. Pulmonary resistance was 
not significantly different before and after mor- 
phine either during inspiration or during expira- 
tion, except in one patient during inspiration only. 


EFFECT OF MORPHINE 


J.C. 
10 mgm. LV. 


L./Cm, H,0 


Pulmonary Compliance 


4 


(Liters) 


Respiratory Tidal Volume 


-5 0 5 
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Fic. 5. THE EFFECT OF INTRAVENOUS MORPHINE ON 
PULMONARY COMPLIANCE IN A PATIENT WITH ACUTE PUL- 
MONARY EDEMA. There were no significant changes in 
pulmonary compliance, although the respiratory rate and 
tidal volume fell slightly following morphine. Brackets 
indicate + 2 SE. 


DISCUSSION 


Positive pressure breathing. Butler and Smith 
(4) concluded from their data that compliance 
measured during positive pressure inflation of 
the lungs is lower than that measured during 
spontaneous breathing. They suggested that this 
may be due to inflation (and perhaps overinfla- 
tion) of the more central and directly accessible 
alveoli which compress the peripheral alveoli, 
removing them from the effective alveolar volume. 
Their data, however, were obtained from uncon- 
scious paralyzed subjects who were ventilated pas- 
sively. Under their experimental conditions their 
hypothesis may be true. Our subjects, however, 
being conscious, were initiating their own respira- 
tion and doing much of their own respiratory work 
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during positive pressure breathing. This may 
account for the fact that, in contrast to what is 
inferred in Butler and Smith’s study, the lung 
compliance in our normal subjects changed in- 
significantly during positive pressure breathing. 
Figure 6 illustrates one explanation for the 
increase in compliance during positive pressure 
breathing found in pulmonary edema. The re- 
spiratory midposition is known to shift upward 
(the functional residual capacity increases) during 
positive pressure breathing, as indicated in the 
figure. Data published by Whittenberger and 
Affeldt (5), by Cook and associates (6), and 
from our laboratory (7) indicate that the static 
volume-pressure curve or compliance curve of 


TABLE III 


The acute effects of intravenous morphine on 
pulmonary mechanics in pulmonary edema * 


After 
morphine p 


Before 


Patient Measurement morphine 


M.O. Compliance 
Insp. resistance 
Exp. resistance 
Resp. rate 
Tidal volume 


0.059 40.0052 0.072 +0.0038 


>0.05 
9.4 +0.61 11 +0.72 J 


F.W. Compliance 0.029 +0.0012 0.034+0,0028 
Insp. resistance 6.7 +0.68 9.8 +1.03 
Exp. resistance 10.5 +0.80 14.1 +1.86 
30 3 


Resp. rate 


Tidal volume 0.51 0.47 


0.033 +0.0023 
12.5 +0.74 
25.3 +0.79 


32 
0.35 


jC. Compliance >0.05 
Insp. resistance 
Exp. resistance 
Resp. rate 
Tidal volume 


0.029 +0,0031 


* See footnote to Table I. 


the lung is not linear in pulmonary edema. This 
nonlinearity is thought to be caused by fluid 
menisci or fine bubbles in alveoli and minute air- 
ways and to closure of terminal lung units by 
other mechanisms. Given this curvilinearity, the 
compliance value depends on where on the volume- 
pressure curve lung compliance is measured. It 
will be noted from the bottom portion of Figure 6 
that merely elevating the level at which tidal 
breathing takes place increases lung compliance. 
A similar upward shift produces no such change 
in normal subjects because of the linear nature of 
most of the normal volume-pressure curve. Evi- 
dence from the present data which suggests that 
this mechanism is involved in the compliance in- 
crease found during positive pressure breathing 
is presented in Table IV. We previously de- 
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Fic. 6. ONE EXPLANATION FOR THE INCREASE IN PUL- 
MONARY COMPLIANCE DURING POSITIVE PRESSURE BREATH- 
ING IN PULMONARY EDEMA. ‘The respiratory midposition 
is known to shift upward during positive pressure breath- 
ing. Such an upward shift on the nonlinear static vol- 
ume-pressure curve (compliance curve) of a patient in 
pulmonary edema would result in an increased compliance 
as seen in the lower panel. Because of the linearity of the 
normal volume-pressure curve, a similar shift would 
produce no such change in lung compliance in normal 
subjects (upper panel). 


TABLE IV 


The difference between early inspiratory resistance and late 
ins piratory resistance during ambient pressure breathing as 
compared with positive pressure breathing in three pa- 

tients with pulmonary edema * 


Patient Early insp. Late insp. 


During ambient pressure breathing 
ES, 16.2 + 0.3 7.1 + 0.3 


14.9+106 114+0.54 
M.O. 17.9 + 2.4 12.5 + 1.0 


<0.01 


<0.05 
<0.10 >0.05 


During positive pressure breathing 


11.5+0.39 10.5 + 0.84 
H.L. 128+0.51 12.3 + 0.88 
M.O. 14.2+1.63 18.8 + 0.68 


>0.05 
>0.05 
<0.05 


FS, 


* Pulmonary resistance was measured at 0.5 L/sec air- 
flow during the first 0.2 sec (designated as early inspiratory 
resistance) and during the last 0.2 sec (designated as late 
inspiratory resistance) of inspiration. Resistance is ex- 
pressed in cm H,O/L/sec. During ambient pressure 
breathing, resistance is consistently higher early in inspira- 
tion than it is later in inspiration. During positive pressure 
breathing this difference is less striking (and insignificant) 
in two cases and reversed in the third (M.O.). Standard 
errors of the mean are shown (see text for discussion). 


2.0 Normal 
P.P.B 
1.0 
C= 0.20 
a C= 0,20 
1.5 
* Pulmonary Edema 
° 
EP. P. B. 
: 
17.5 +1.4 19.6 +0.76 >0.05 
26 20 
0.58 0.52 
>0.05 
<0.05, 
>0.01 
$0.05 
| 
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scribed (1) a high early inspiratory resistance in 
pulmonary edema. We suggested that this was 
probably a falsely high resistance value because 
of the assumption (here probably false) necessary 
for the resistance calculation that the compliance 
is the same at all volumes (or that the volume- 
pressure or compliance curve is linear). The up- 
per portion of Table IV demonstrates the high 
early inspiratory resistance in three patients dur- 
ing ambient pressure breathing. The lower half 
of the table shows that early and late inspiratory 
resistances are more nearly the same during posi- 
tive pressure breathing, suggesting, as diagrammed 
in Figure 6, that compliance is more nearly uni- 
form and the volume-pressure curve more nearly 
linear following this upward shift in respiratory 
midposition. 

Other reasons for an increase in lung compli- 
ance during positive pressure breathing are re- 
lated, as Barach, Martin and Eckman (8) de- 
scribed in 1938, to the fact that positive pressure 
breathing diminishes the return of venous blood 
to the right heart and hence reduces pulmonary 
blood volume. Recently Kilburn and Sieker (9) 
have confirmed that the central blood volume de- 
creases in normal subjects during positive pres- 
sure breathing. Several authors (10, 11) have 
demonstrated that pulmonary compliance falls as 
pulmonary capillary pressure (and _ inferentially 
pulmonary blood volume) rises. An incidental 
observation that rales are less prominent and often 
absent during positive pressure breathing, al- 
though returning quite promptly after cessation 
of positive pressure breathing, would suggest 
rapid clearing of edema fluid from finer airways 
and possibly from alveoli. 

Effect of aminophylline. Aminophylline given 
intravenously in doses of 0.5 g appears to have a 
measurable effect upon pulmonary compliance and 
pulmonary resistance. Although two of three pa- 
tients in whom aminophylline was used were hy- 
pertensive, in neither was there a fall in systemic 
blood pressure following aminophylline sufficient 
to reverse left ventricular failure. Aminophylline 
is known to have an effect upon the bronchial mus- 
culature, the myocardium, and the pulmonary 
vascular bed (12). The first of these actions is 
probably responsible for the changes in resistance 
shown in the present data (Table I1). Selective 
improvement in the efficiency of the left ventricle 


J. SHARP, I. BUNNELL, G. GRIFFITH AND D. GREENE 


may be an important mechanism in explaining its 
action. 
ficial if it selectively dilated pulmonary veins and 
venules, increasing the capacity of the pulmonary 
vascular bed and relieving obstruction to the out- 
flow of blood from the lungs. In certain types of 
experimental pulmonary edema, notably those 
produced by the administration of gram-negative 
bacterial endotoxin (13), histamine and serotonin 
(14, 15), pulmonary venoconstriction has been 
demonstrated. 

Effect of morphine. The fact that we have been 
unable to demonstrate an acute effect of morphine 
on lung compliance in pulmonary edema suggests 
that this agent, of proven therapeutic value in 
clinical pulmonary edema, must act by some 
mechanism other than a direct effect upon the 
physical properties of the respiratory system. It 
should be noted that, in the dosage used, mor- 
phine had no consistent effect upon tidal volume 
or respiratory rate. It has been suggested by 
Drinker (16) that rapid shallow breathing fa- 
vors lymphatic stasis in the lungs, whereas slower, 
deeper breathing favors accelerated lymph drain- 
age from the lungs. It may be that morphine in 
this study was used in doses too small to pro- 
duce the slowed respiratory rate often seen when 
this agent is used in clinical pulmonary edema. 
These patients did, however, show a central de- 
pressant effect following the drug, and despite the 
fact that no measurable change in lung compliance 
was apparent, the patients were more comfortable 
following morphine. Morphine may act by re- 
ducing oxygen requirements through elimination 
of anxiety with its useless, oxygen-wasting mus- 


Pulmonary vasodilatation would be bene- 


cular activity, although no published data are 
Luisada (17) has sug- 
gested that morphine acts by depressing central 


available on this point. 


nervous pathways which may be responsible for 
the initiation or perpetuation of pulmonary edema. 
However, he does not present convincing evidence 
in the reference cited or in a later review (18) as 


to what central pathways are involved or by what 


mechanisms their activity produces or perpetuates 
pulmonary edema. He cites the beneficial effect 
of morphine and other sedatives as indirect evi- 
dence of the importance of neurogenic mechanisms 
Our data neither confirm 


nor deny the importance of neurogenic mecha- 


in pulmonary edema. 
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nisms and give no answer to the question of how 
morphine acts. 

Rodbard (19) has suggested that the beneficial 
effects of morphine may depend upon its broncho- 
constrictive action which would raise alveolar 
pressure and thus produce an intrinsic positive 
pressure mechanism. The mean alveolar pres- 
sure would indeed be raised if pulmonary resist- 
ance were greater during expiration than during 
inspiration, a situation which is present in emphy- 
sema and asthma due to other mechanisms (20, 
21), but not consistently in pulmonary edema 
where inspiratory resistance often equals or ex- 
ceeds expiratory resistance (1). In Table III all 
three patients had higher pulmonary resistances 
during expiration than during inspiration. How- 
ever, following morphine a significant increase in 
inspiratory resistance occurred in only one pa- 
tient and in none did a significant increase in ex- 
piratory resistance occur. Relative to Rodbard’s 
hypothesis, the occurrence, rather atypically, of a 
higher pulmonary resistance during expiration 
than during inspiration, makes the mechanism pos- 
sible in these three patients. However, the ab- 
sence of demonstrable bronchoconstrictive effect, 


selectively expiratory or otherwise, renders un- 
tenable in these patients Rodbard’s explanation 
for the beneficial effect of morphine (19). 


CONCLUSIONS 


1. In six patients with acute pulmonary edema, 
the effects upon pulmonary compliance and re- 
sistance of positive pressure breathing, intravenous 
aminophylline, and intravenous morphine have 
been assessed. 

2. In three patients with acute pulmonary 
edema, pulmonary compliance rose acutely by an 
average of 36 per cent during positive pressure 
breathing (P.P.B.), falling to or toward control 
levels following cessation of P.P.B. P.P.B. pro- 
duced no consistent change in pulmonary resist- 
ance. 

3. Intravenous aminophylline was followed by 
significant acute increases in pulmonary com- 
pliance and by significant and prompt decreases in 
pulmonary resistance in three patients with acute 
pulmonary edema. 

4. Intravenous morphine had no significant ef- 
fect on either pulmonary compliance or pulmonary 
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resistance in three patients with acute pulmonary 
edema. 


ACKNOWLEDGMENT 


The authors gratefully acknowledge helpful criticism 
and advice from Doctors Jere Mead, Simon Rodbard and 
Armand Littman. 


REFERENCES 


. Sharp, J. T.,. Grifith, G. T.,. Bunnell, I. L., and 
Greene, D. G. Ventilatory mechanics in pulmo- 
nary edema in man. J. clin. Invest. 1958, 37, 111. 

. Mead, J., McIlroy, M. B., Selverstone, N. J., and 
Kriete, B. C. Measurement of intraesophageal 
pressure. J. appl. Physiol. 1955, 7, 491. 

. von Neergaard, J., and Wirz, K. Die Messung der 
Stromungswiderstande in den Atemwegen des 
Menschen, insbesondere bei Asthma und Emphysem. 
Z. klin. Med. 1927, 105, 51. 

. Butler, J., and Smith, B. H. Pressure-volume re- 
lationships of the chest in completely relaxed an- 
aesthetised patient. Clin. Sci. 1957, 16, 125. 

. Whittenberger, J. L., and Affeldt, J. E. Aspects of 
pulmonary physiology which determine the effec- 
tiveness of artificial respiration procedures. Army 
Chemical Corps Medical Division, Special Report 
no. 5, 1951, p. 39. 

. Cook, C. D., Mead, J., Schreiner, G. L., Frank, N. R., 
and Craig, J. M. Pulmonary mechanics during 
induced pulmonary edema in anesthetized dogs. 
J. appl. Physiol. 1959, 14, 177. 

. Greene, D. G., Sharp, J. T., Reisman, R. E., and 
Westinghouse, W. J. Evaluation of pulmonary 
edema (abstract). Amer. J. Physiol. 1955, 183, 
622. 

. Barach, A. L., Martin, J., and Eckman, M. Positive 
pressure respiration and its application to the 
treatment of acute pulmonary edema. Ann. intern. 
Med. 1938, 12, 754. 

. Kilburn, K. H., and Sieker, H. O. Hemodynamic 
effects of continuous positive and negative pres- 
sure breathing in normal man. Circulat. Res. 
1960, 8, 660. 

. Saxton, G. A., Jr., Rabinowitz, M., Dexter, L., and 
Haynes, F. The relationship of pulmonary com- 
pliance to pulmonary vascular pressures in patients 
with heart disease. J. clin. Invest. 1956, 35, 611. 

. Borst, H. G., Berglund, E., Whittenberger, J. L., 
Mead, J., McGregor, M., and Collier, C. The ef- 
fect of pulmonary vascular pressures on the me- 
chanical properties of the lungs of anesthetized 
dogs. J. clin. Invest. 1957, 36, 1708. 

. Quimby, C. W., Jr., Aviado, D. M., Jr., and Schmidt, 
C. F. The effect of aminophylline and other 
xanthines on the pulmonary circulation. J. Phar- 
macol. exp. Ther. 1958, 122, 396. 


‘ 
4 
a 
1 
2 
3 
i 
¢ 
5 
6 
/ 
be 
on 
9 
10 
bd 


672 


13. Kuida, H., Hinshaw, L. B., Gilbert, R. P., and 
Visscher, M. B. Effect of gram-negative endo- 
toxin on pulmonary circulation. Amer. J. Physiol. 
1958, 192, 335. 

14. Gilbert, R. P., Hinshaw, L. B., Kuida, H., and 
Visscher, M. B. Effects of histamine, 5-hydroxy- 
tryptamine and epinephrine on pulmonary hemo- 
dynamics with particular reference to arterial and 
venous segment resistances. Amer. J. Physiol. 
1958, 194, 165. 

15. Aviado, D. M. Pulmonary venular responses to 
anoxia, 5-hydroxytryptamine and __ histamine. 
Amer. J. Physiol. 1960, 198, 1032. 

16. Drinker, C. K. Pulmonary Edema and Inflamma- 


tion. Cambridge, Harvard University Press, 1945. 


J. SHARP, I. BUNNELL, G. GRIFFITH AND D. GREENE 


7. Luisada, A. Neue Untersuchungen tiber die Wirkung 
des Morphiums auf Blutgefasse, besonders Lungen- 
gefasse. Arch. exp. Path. Pharmak. 1928, 132, 
296. 

18. Luisada, A. A. The pathogenesis of paroxysmal pul- 
monary edema. Medicine (Baltimore) 1940, 19, 
475. 

19. Rodbard, S. Bronchomotor tone; a neglected factor 
in regulation of pulmonary circulation. Amer. 
J. Med. 1953, 15, 356. 

20. Dayman, H. Mechanics of airflow in health and in 
emphysema. J. clin. Invest. 1951, 30, 1175. 

. Fry, D. L., Ebert, R. V., Stead, W. W., and Brown, 
C. C. The mechanics of pulmonary ventilation in 
normal subjects and in patients with emphysema. 
Amer. J. Med. 1954, 16, 80. 


te 

ts 
5 

OR 

es 

i 
é 


STUDIES ON THE ACTIVATION OF A SERUM ESTERASE WITH 
ETHER AND ITS RELATIONSHIP TO C’l-ESTERASE * 
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The first component of complement probably 
exists as the precursor of an enzyme tentatively 
identified as an esterase (1-3). Under various 
circumstances, this proesterase may be activated 
by contact with antigen-antibody aggregates (1, 
4), by plasma (5, 6), and when partially purified, 
by appropriate adjustment of physicochemical con- 
ditions (2, 6). The possibility that activation of 
this proesterase is related to complement fixation 
(1, 4, 6, 7), to immune hemolysis (8), and to im- 
mune’ cytotoxicity (9) has received some experi- 
mental support. The present paper describes still 
another way in which esterase activity may be 
produced in preparations containing the first com- 
ponent of complement. 

Although the proenzymatic nature of comple- 
ment has been postulated for many years (10), 
indirect evidence supporting this view came only 
when the effect of plasmin upon complement was 
restudied (1, 4, 5). Plasmin, a proteolytic en- 
zyme of serum and plasma effective near neu- 
trality, has an inhibitory effect upon complement. 
Pillemer, Ratnoff, Blum and Lepow (5) found 
that the first, second and fourth components of 
complement were inactivated by plasmin or strep- 
tokinase. However, the second and fourth com- 
ponents were inactivated only in preparations con- 
taining the first component (1). These and simi- 
lar observations suggested that plasmin converted 
the first component of complement into an enzyme 
which inactivated the second and fourth compo- 
nents (1). 

A second line of support for this concept has 
evolved from studies on the effect of incubating 
fresh serum with antigen-antibody aggregates at 


* This work was supported by grants from the Na- 
tional Heart Institute [HTS-5126 (c)], and the Na- 
tional Institute of Allergy and Infectious Diseases [E-1255 
(C3)] of the National Institutes of Health, Bethesda, 
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low temperatures. Serum treated in this way 
loses some of the activity attributable to the first 
component of complement. Material may then be 
eluted from the antigen-antibody aggregate which 
hydrolyzes N-acetyl-L-tyrosine ethyl ester and 
inactivates the fourth and second components of 
complement (7). The eluate does not contain 
hemolytic activity attributable to the first com- 
ponent of complement. On the other hand, a 
similar eluate obtained from antigen-antibody ag- 
gregates which have been incubated with serum 
lacking the first component of complement has 
neither esterase activity nor the capacity to inac- 
tivate the fourth and second components. These 
observations are compatible with the view that the 
esterase activity present in the eluate is derived 
from the first component of complement. 

Other evidence identifying the first component 
of complement with a proesterase has come from 
studies of a partially purified preparation of this 
component (2). At low pH and high ionic 
strength, such a preparation has hemolytic ac- 
tivity. Upon adjusting these modalities to physi- 
ological levels, the preparation loses its hemolytic 
activity, and concurrently acquires the ability to 
inactivate the fourth and second components of 
complement, and to hydrolyze N-acetyl-L-tyrosine 
ethyl ester, p-toluene sulfonyl-L-arginine methyl 
ester, and certain other synthetic substrates. The 
susceptibility of N-acetyl-L-tyrosine ethyl ester to 
hydrolysis by this preparation differentiates the 
active esterase from plasmin, which does not at- 
tack this substrate. 

Using a different type of approach, Becker dem- 
onstrated that diisopropylfluorophosphate, which 
inhibits many types of esterases, can prevent the 
hemolytic activity of complement, apparently by 
specific inhibition of the first component (11). 
He has also shown that sensitized red cells, which 
have been treated with the first, second and fourth 
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components of complement, hydrolyze p-toluene 
sulfonyl-L-arginine methyl ester (3). 

All these observations have led to the hypothesis 
that the first component of complement is the pre- 
cursor of an esterase which can interact with the 
fourth and second components of complement. 

The data to be presented further identify the 
first component of complement with the precursor 
of a specific esterase. When fresh serum is ex- 
tracted with ether in the manner to be described, 
the first, second and fourth components of com- 


plement are lost. At the same time, an esterase 


appears which can inactivate the fourth component 


of complement and hydrolyze N-acetyl-L-tyrosine 
ethyl ester. This enzyme can not be distinguished 
from an esterase derived from a partially purified 
preparation of the first component of complement ; 
it does not appear following ether extraction of 
serum from which the first component has been 
removed, The extraction of serum with ether 
may thus provide another means of converting the 
first component of complement to an_ esterase. 
This extraction also inactivates the human serum 
inhibitor of an esterase derived from partially 
purified first component of complement. A _ pos- 
sible mechanism relating esterase activation to loss 
of this inhibitor will be discussed. 


NOMENCLATURE AND MATERIALS 


Complement is designated as C’, and the four known 
components as C'l, C’2, C’3 and C’4 in accordance with 
previous usage (12). The esterase prepared from a 
partially purified preparation of C’l by adjustment of 
pH and ionic strength (2) will be designated C'l-esterase, 
and that prepared by extracting serum with ether in the 
manner to be described, as ether-esterase. One unit 
of esterase activity, as defined by Levy and Lepow (13), 
is that amount of enzyme which will hydrolyze an 
amount of N-acetyl-L-tyrosine ethyl ester equivalent to 
0.5 umole of titratable acid after incubation for 15 min- 
utes under standardized conditions of assay. Serum re- 
agents used to assay the components of complement and 
deficient, respectively, in C’l, C’2, C’3 and C’4 are desig- 
nated as R1, R2, R3, and R4 (14). Their preparation 
has been described elsewhere (1, 4, 14, 15). Serum 
which had been heated for 30 minutes at 56° C was 
used in place of R1 in some assays measuring C’4 in- 
activation. 

Ether-esterase was tested for several other activities. 
In determining its plasmin inhibitor content, commercial 
human plasmin (Merck Sharp and Dohme, West Point, 
Pa., lot no. 1108-86-M) was used. It was dissolved in 
buffer in concentrations of 400, 40 and 4 fibrinolytic 
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units (16) per ml of solution. To measure the plasmino- 
gen-activator content of ether-esterase, the euglobulin 
fraction of normal citrated human plasma was prepared 
(17) and redissolved in buffer. 

Streptokinase (High Purity, Lederle Laboratories, 
Pearl River, N. Y.) was dissolved in buffer in a con- 
centration of 300 Christensen units per ml (18) for use 
in assays of the plasminogen content of ether-esterase. 
Lyophilized bovine fibrinogen (Warner Chilcott, Morris 
Plains, N. J.) was dissolved in water to contain 300 mg 
of coagulable protein and 0.85 g of sodium chloride per 
100 ml of solution. Bovine thrombin (Topical Throm- 
bin, Parke Davis Co., Detroit, Mich.) was dissolved in 
buffer in a concentration of 10 National Institutes of 
Health units per ml. Barbital-saline buffer was used in 
assays measuring components of the plasmin system. 

Human serum was prepared from the blood of ap- 
parently healthy adults. The blood was allowed to clot 
in glass containers at room temperature for 1 to 2 hours, 
and then kept at 4° C for 8 to 12 hours. The serum was 
then separated by centrifugation at 2,500 rpm at room 
temperature for 15 minutes, and stored at — 25° C for 
as long as 2 months before use. 

Partially purified preparations of human serum inhibi- 
tor of C'l-esterase, a heat-labile a,-globulin (13, 19), 
were made available in the course of these studies. One 
preparation, representing a 100- to 200-fold purification 
of the inhibitor with respect to serum, was obtained by 
ammonium sulfate fractionation and column chromatog- 
raphy of human serum (20). This material was used 
in experiments showing its inhibitory effect on the hy- 
drolysis of N-acetyl-L-tyrosine ethyl ester, and the inac- 
tivation of C’4 by ether esterase. A preparation repre- 
senting a 500-fold purification of the inhibitor with re- 
spect to serum (21) was subjected to ether extraction 
by the method described. 

Citrated plasma was prepared by methods previously 
described (22) from the blood of normal individuals, and 
from that with congenital deficiencies of 
various clotting factors. 

Sensitised sheep erythrocytes for use in measuring 
the components of complement in a hemolytic system were 
prepared by published procedures (1). 

Pneumococcal soluble specific capsular polysaccharide 
(type III) and its homologous rabbit antibody were used 
in the preparation of antigen-antibody aggregates. The 
aggregates were prepared from 200 ug of antibody ni- 
trogen, and 8 ug of antigen per ml of solution. Each 1.0 
ml aliquot of suspended aggregate was washed twice in 
2.0 ml of cold 0.15 M sodium chloride prior to use. 

Crystalline soybean trypsin inhibitor (Nutritional 
Biochemicals Corp., Cleveland, Ohio) was dissolved in a 
concentration of 5 mg per ml of 0.15 M sodium chloride. 

Epsilon-aminocaprotc acid (H. M. Chemical Co., Santa 
Monica, Calif.) was dissolved in water in a 0.2 M solu- 
tion. 

Ashestos-filtered beef plasma was prepared as suggested 
by Owren and Aas (23). Barium sulfate-adsorbed oxa- 
lated beef plasma (Prothrombin Free Beef Plasma, Hy- 
land Laboratories, Los Angeles, Calif.) was obtained 
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commercially, and Auman-oxalated serum was prepared 
as recommended by Alexander (24). 

Tissue thromboplastin for use in several assays for 
clotting factor activities was prepared by suspending 
37.5 mg of a commercial rabbit brain preparation (Difco, 
Detroit, Mich.) in 1.0 ml of 0.15 M sodium chloride. 
Casein was prepared as described by Norman (25). 
Denatured hemoglobin (Bovine Crystalline Hemoglobin, 
Armour Laboratories, Kankakee, Ill.) was prepared in 
a 2.2 per cent solution in urea (26). 

Synthetic amino acid esters and dipeptides were ob- 
tained from commercial sources, or synthesized in the 
Department of Chemistry, Western Reserve University. 
They were dissolved in 0.2 M solutions in 0.15 M_ so- 
dium chloride or in 2-methoxy ethanol (methyl Cello- 
solve, Matheson Co., Inc., Norwood, Ohio) as desig- 
nated in Table V. 

Diethyl-ether (Mallinckrodt, St. Louis, Mo.) was used 
in the extraction procedure. Pyrex glassware which had 
been cleaned with a detergent (Dural H, Wyandotte 
Chemicals, Wyandotte, Mich.), rinsed with tap water, and 
finally with distilled water, was used unless otherwise 
Acidometric titrations were performed with a 
(Micrometric Instrument Corp., 


noted. 
1.0 microsyringe 
Cleveland, Ohio). 

Barbital-Ca**-Mg** buffer (16) for use in hemolytic 
complement assays, contained 1.5 x 10* M Ca** and 5 X 
10* M Mg**, and had a pH of 7.4 at ionic strength 0.15. 
Sodium phosphate buffer having a pH of 7.4 and ionic 
strength of 0.15, was prepared by mixing one part of 
M/15 monobasic sodium phosphate with 4.2 parts of 
M/15 dibasic sodium phosphate (27). Barbital-saline 
buffer, having a pH of 7.4 and ionic strength of 0.15, con- 
sisted of 7.3 g of sodium chloride, 2.76 g of barbital, and 
2.06 g of sodium barbital diluted to a volume of 1 L with 
distilled water. 


METHODS 


1. Esterolytic assays. The esterase activity resulting 
from ether extraction of serum was measured using the 
variety of synthetic substrates listed in Table V. The 
change in titratable acidity after incubating the enzyme 
with the substrate at 37° C for variable intervals was 
determined. A micro-formol titration of these mixtures 
was performed as has been described (19, 28). 

A standardized assay of the hydrolysis of N-acetyl-L- 
tyrosine ethyl ester was used for measuring units of 
C’l-esterase or ether-esterase activity (13). This tech- 
nique involves the titration of the acid liberated during 
incubation for 15 minutes at 37° C of the following mix- 
ture: 1.88 ml of sodium phosphate buffer, 0.5 ml of en- 
zyme, and 0.125 ml of 1.6 M N-acetyl-L-tyrosine ethyl 
ester. 

The hydrolysis of the other synthetic amino acid esters 
by ether-esterase was measured in a similar fashion, 
but the mixtures were incubated for 24 hours before ti- 
tration. Ten +1 U of esterase activity was included in 
each incubation mixture. The final concentration of 


each substrate in these mixtures was 0.02 M in a total 
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volume of 4.0 ml. Hydrolysis of L-lysine ethyl ester by 
C’l-esterase and ether-esterase was measured by means 
of a minor modification of the Hestrin method (29, 30) 
after incubation for 24 hours. 

2. Human serum inhibitor of C'l-esterase. Inhibition 
of C’l-esterase was measured by a method published ear- 
lier (13). A standardized amount of C’l-esterase hav- 
ing 40+ 2 U of activity per ml of solution was used as 
enzyme. Inhibition was determined by observing the de- 
crease in hydrolysis of N-acetyl-L-tyrosine ethyl ester 
caused by various volumes of test sample. 

3. Determination of components of complement. The 
amounts of C’l, C’2, C’3 and C’4 in the materials tested 
were titrated, by published methods (1, 14, 15), in sys- 
tems markedly deficient in the component being meas- 
ured. The reagents deficient in each of the four com- 
ponents fulfilled the requirements described elsewhere for 
R1, R2, R3 and R4 (14, 15). A 50 per cent hemolytic 
endpoint was estimated. 

4. Protein substrates. The digestion of casein by ether- 
esterase was measured following the incubation of a mix- 
ture of 1.3 ml of this enzyme in sodium phosphate buffer 
with 5.7 ml of 5 per cent casein at 37° C for 1 and 3 
hours. Hydrolysis of casein by ether-esterase prepara- 
tions extracted with and without soybean trypsin in- 
hibitor was measured. The extent of digestion of de- 
natured hemoglobin which occurred during the incu- 
bation of 3.0 ml of ether-esterase in sodium phosphate 
buffer with 2.0 ml of denatured hemoglobin at 37° C was 
determined after 1 and 24 hours. In each instance, the 
tyrosyl-nitrogen soluble in trichloroacetic acid 
which had been liberated during incubation was meas- 
ured by a modification of the method of Folin and Cio- 
calteu (31). 

5. Other properties of ether-esterase. Several clotting 
factors were measured by methods described elsewhere 
(22, 32). In essence, the presence of each clotting ac- 
tivity was measured by observing the effect of ether- 
esterase upon the recalcified clotting time of plasmas be- 
lieved to be markedly deficient in the factor to be tested. 
Factors primarily effective in accelerating the conversion 
of prothrombin were measured by determining the effect 
of ether-esterase on the one-stage prothrombin time (33) 
of a plasma deficient in the factor to be measured. The 
presence of thrombin in ether-esterase was evident if 0.2 
ml of this material converted an equal volume of fibrino- 
gen to fibrin at 37° C. 

Ether-esterase was tested for components of the plasmin 
system. Plasmin, plasminogen and plasmin inhibitors 
were tested by minor modifications of methods published 
earlier (5). An activator of plasminogen was measured 
by noting the time required for complete lysis of a clot 
composed of 0.3 ml of plasma euglobulins, 0.1 ml of 
ether-esterase, and 0.1 ml of thrombin. 

Barbital-saline buffer was substituted for ether-ester- 
ase in the control mixtures in each of these assay systems. 
In each instance, the time required for complete lysis of 
a clot was measured from the point at which thrombin 


was added to a mixture. The assays for clotting factor 
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activities and for components of the plasmin system were 
performed in duplicate in Pyrex tubes having an in- 
ternal diameter of 8 mm. Clot lysis times were measured 
at 37° C in stoppered tubes. Recalcified clotting times 
were performed at 25° C and prothrombin times at 37° C. 
The tyrosyl-nitrogen content of various preparations 
of ether-esterase was ascertained by using a minor modi- 
fication of the method of Folin and Ciocalteu (31). 


EXPERIMENTAL 


1. Generation of N-acetyl-1-tyrosine ethyl es- 
terase activity by extraction of serum with ether. 
MacFarlane's procedure for the extraction of lipids 
from serum was varied slightly in the present ex- 
periments (34). This method is said to remove 
70 per cent of the total serum lipids in one ex- 
traction (34). 

Normal human serum plus 0.3 its volume of 
ether was shaken in a separatory flask, and this 
mixture was immediately placed in a — 30° C 
deep-freeze for sufficient time to lower its tem- 
—25° C. The 
thawed in an ice bath at a temperature of 2° to 
When the material was 
thawed, three distinct phases were visible: at the 


perature to mixture was then 


4° C for several hours. 


top, a clear yellow ether layer ; below this, a dense 
cloudy precipitate; and at the bottom, a serum 
layer which was usually clear. The topmost layer 
and the middle layer containing precipitate were 
removed as one and centrifuged together in clean 
aluminum cups at 16,000 x G for 30 to 40 minutes 
at 4° Cin an International PR-I refrigerated cen- 
trifuge. The supernatant fluid was carefully de- 
canted. The precipitate, to be referred to as ether- 
esterase, was suspended in 0.15 M sodium chlo- 
All three fractions were tested for units of 
esterase activity using the standardized assay de- 


ride. 


scribed in the previous section. These fractions 


were stored at — 25° C. 

The three fractions which were separated by 
this procedure differed in their ability to hydro- 
The 


tracted serum contained little of this esterolytic 


lyze N-acetyl-L-tyrosine ethyl ester. ex- 


It had no spontaneous fibrinolytic ac- 
The 


clear ether supernatant layer had no esterolytic 


activity. 
tivity as if it contained no active plasmin. 


activity. The precipitated material, however, con- 
tained large though variable amounts of esterolytic 
activity (from 5 to 11.5 U per ml of the original 
serum extracted; mean = 7.9 U per ml) but no 
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fibrinolytic activity. This material was only par- 


tially soluble in saline and in the buffers described. 
When the suspension of ether-esterase was cen- 
trifuged once at 16,000 x G, the activity was about 
evenly distributed between the cloudy supernatant 
When this 
supernatant fluid was recentrifuged in the same 
manner, and the precipitate separated and com- 


fluid and the precipitated material. 


bined with the original, the combined precipitates 
contained about two-thirds of the total activity 
extracted from the serum. 

The quantity of ether-esterase per milligram of 
nitrogen differed from one preparation to an- 
other. 
rating the bottom serum layer from the inter- 


Variable success was had in sharply sepa- 


mediate layer which contained most of the ac- 
tivity. 
preparations of ether-esterase varied from 0.13 
to 0.5 per cent of that of the original serum (mean 


The tyrosyl-nitrogen content of several 


value = 0.4 per cent). Many preparations were 
tested for the amount of activity as related to pro- 
Values ranged from 111 to 309 U of 
The 


specific activity of ether-esterase exceeded that 


tein content. 
ether-esterase per mg of tyrosyl-nitrogen. 


of C’l-esterase preparations described earlier (2) 
which contained about 100 U or less of activity per 
mg of tyrosyl-nitrogen. 

When serum was extracted with the same rela- 
tive volume of ether at 4° C without freezing and 
thawing, almost no precipitable esterase activity 
However, about 6 U of activity 
was found in each milliliter of the extracted serum. 


could be found. 


The effect of temperature of thawing upon the 
development of ether-esterase was tested. Large 
amounts of N-acetyl-L-tyrosine ethyl esterase ac- 
tivity were found in the precipitated material from 
lLess than half 
as much was found in this fraction of a compara- 


samples thawed at 4° and 25° C. 
ble sample after thawing at 37° C. The cloudy in- 
termediate layer which formed upon thawing at 
colder temperatures was barely visible after thaw- 
ing at 37° C. 

2. Requirement for C’'l for activation of ether- 
esterase. A 10 ml sample of serum which had 
C for 30 minutes was extracted 
in the manner described. 
no C’l or C’2. 
and R2 preparations were similarly extracted with 
1.5 ml of ether. The resulting fractions of these 
preparations were then tested for ether-esterase 


been heated to 56 
Such serum contains 
In addition, 5-ml samples of R1 
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activity in order to determine whether or not C’l 
was required for its development. 

When R1 or serum which had been heated to 
56° C for 30 minutes was extracted, no N-acetyl-L- 
tyrosine ethyl esterase activity was found in any 
of the fractions. However, when the fractions re- 
sulting from the extraction of R2 were tested, 
ether-esterase activity was found both in the re- 
suspended precipitate and in the supernatant fluid 
separated from the active precipitate, as was the 
case with fresh serum. 
onstrate that the removal of C’l from the original 
serum prevents the appearance of ether-esterase. 

3. Role of plasmin in ether-esterase activation. 
One possible explanation for the effect of ether 
on activation of a serum esterase was that ether 
removed the plasmin inhibitor in serum (35) and 
This in turn con- 


These observations dem- 


plasmin was then activated, 
verted the first component of complement to its 
esterase form (1, 4, 5). 
serum was treated with ether in the presence of 
soybean trypsin inhibitor, an inhibitor of plasmin, 
and of epsilon-aminocaproic acid, an inhibitor of 
the activation of plasminogen (36). 

3efore it was shaken with ether, 1.0 ml of a 
solution containing 5 mg of soybean inhibitor or 
1.0 ml of a 0.2 M epsilon-aminocaproic acid solu- 
tion was mixed with each of two 10-ml samples 
of serum. One ml of sodium phosphate buffer 
was added to a third 10-ml sample of serum, 


To test this possibility, 


serving as a control mixture. Esterase activity 
in the fractions resulting from the ether extrac- 
tion of each mixture was compared. 

When either of these inhibitors was mixed with 


serum prior to extraction, no interference with 


TABLE I 


Inactivation of C’4 by ether-esterase * 


Ether-esterase in 
incubation mixture Residual C’4 in R1 
U U/ml 
0 2 360 
0.12 240 
0.24 120 
0.48 60 
0.95 40 
1.9 20 


*In this experiment 0.1 ml of dilutions of ether-esterase 
was incubated with 0.15 ml of 0.15 M sodium chloride at 
37° C for 10 minutes. Then, 0.75 ml of R1 was added to 
each tube and the mixtures were incubated at 37° C for 
30 minutes. The final mixtures were tested for residual 
C’4 in a hemolytic system. 
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TABLE II 


Effect of purified human serum inhibitor of C'l-esterase on 
inactivation of C’4 by ether-esterase * 

Esterase 

in incu- 

bation 

mixture 


Esteraset 
(esterase- 
inhibitor) 


Residual 
C’4 in R1, 


Esterase- 
inhibitor 


U U NetU 
1.0 0 1.0 
1.0 0.015 

1.0 0.030 

1.0 0.060 

1.0 0.075 

1.0 0.10 

1.0 0.20 

0 0 


*In this experiment, 0.1 ml of ether-esterase was incu- 
bated with 0.15 ml of the inhibitor or with 0.15 M sodium 
chloride at 37° C for 10 minutes. Then, 0.75 ml of R1 was 
added and this mixture was incubated at 37° C for 30 min- 
utes. The C’4 remaining in the mixture was then meas- 
ured. 

¢ Calculations assume that 0.1 U of inhibitor inhibits 1.0 
U of esterase activity (13). 


the generation of ether-esterase activity could be 
demonstrated. Soybean inhibitor extracted in 
this manner could still inhibit plasmin, Ether- 
esterase could be produced even in the presence 
of a plasmin inhibitor and of an inhibitor of plas- 
minogen activation; plasmin activation was not 
required for production of ether-esterase. 

4. Effect of ether extraction on the serum inhibi- 
tor of C'l-esterase. An inhibitor of C’l-esterase 
has been demonstrated in normal human serum 
(13, 99). 
pacity of C’l-esterase to inactivate C’4 (20), and 
with its ability to hydrolyze N-acetyl-L-tyrosine 
ethyl ester (13). 
by the method described was tested for its ability 
to prevent the hydrolysis of this substrate by 
C’l-esterase. No inhibitory activity was detected 
in this serum, even though it had contained a nor- 
mal amount of inhibitor (about 5 U per ml) prior 
A search for inhibitory activity in 


This inhibitor interferes with the ca- 


Serum extracted with ether 


to extraction. 
the other fractions from this extraction was un- 
rewarding; recombining these fractions did not 
restore inhibitory activity. 

When purified human serum inhibitor was ex- 
tracted with ether, its titer decreased from 6 U to 
less than 1 U per ml. The serum inhibitor of C’1- 
esterase, then, was largely or completely destroyed 
in the process of extraction with ether. 

5. Relation of ether-esterase to complement. a) 
Ether esterase preparations were incubated with 


U/ml 
4 
40 
80 
120 

? 
> 240 
2 360 
Ae: 


678 


R1 and the mixtures then tested for C’4. In these 
experiments, the degree of inactivation of C’4 was 
enhanced with increasing concentration of ether- 
esterase (Table I). This effect_of ether-esterase 
on C’4 is comparable to that of C’l-esterase (2). 

b) The ability of the purified human serum in- 
hibitor to C’l-esterase to interfere with the in- 
activation by ether-esterase of C’4 in R1 and with 
the hydrolysis of N-acetyl-t-tyrosine ethyl ester 
was tested. The inactivation of C’4 by ether- 
esterase was inhibited in a stoichiometric fashion 
(Table II). Similarly, the esterolytic activity of 
ether-esterase the 
presence of increasing amounts of this inhibitor 
(Table ITT). At lower concentrations of ether- 


decreased progressively in 


rABLE II 
Effect of purified human serum inhibitor of C'l-esterase on 
esterolytic activity of ether-esterase * 


Predicted 
inhibition 


Observed 

Esterase Inhibitor inhibition 

U/ml U/mlt 
0 0 
12 10 
20 15 
29 20 
29 25 
32 30 


~ 


U/ml 
33 
33 
33 
33 
33 


33 


ae 


1. 
2.0 
3. 


= 


*In this experiment, a standardized assay for C’1- 
esterase inhibition was used (13). The hydrolysis of 
N-acetyl-L-tyrosine ethyl ester in a final concentration of 
0.08 M by a mixture of a constant amount of esterase and 
variable amounts of inhibitor was measured. 

+ Calculations assume that 0.1 U of inhibitor inhibits 
1.0 U of esterase, as previously shown with C’l-esterase 


(13). 


esterase, such as those which occur in the pres- 
ence of greater concentrations of inhibitor, the ti- 
tration of ester hydrolysis is less accurate than the 
titration of residual C’4. 
therefore, the apparent discrepancies from stoichi- 


In the esterolytic assay, 


ometry between inhibitor concentration and_re- 
sidual ether-esterase activity were within experi- 
mental error. 

In other experiments, fresh normal human se- 
rum was found to inhibit ether-esterase and C’l- 
oth of 
these enzymes, then, were inhibited by the same 


esterase to a nearly identical degree. 


fraction of human serum, and both were inhibited 
to the same degree by whole serum (19, 37). 

c) The relative amounts of each of the com- 
ponents of complement in the original serum, the 
extracted serum, and the ether-esterase prepared 
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TABLE IV 


Uptake of esterase activity by antigen-antibody 
aggregates * 

Units of 

esterase 

recovered 

with ag- 

gregate 


Actual units 
of esterase 
incubated 

with ag- 
Esterase gregate 
| 6.0 
4.2 


8.6 
4.0 


Ether 15.6 

Ether 4 

*In this experiment, washed antigen-antibody aggre- 

gates and 10°* M Ca** were incubated with 1.0 ml of each 

esterase, containing the amount of activity listed, at 0° C 

for 30 minutes. The aggregates were then separated by 

centrifugation in the cold, washed, resuspended in 0.5 ml 

of 0.15 M NaCl, and tested for N-acetyl-L-tyrosine ethyl 
esterase_activity in a standardized system (13). 


therefrom were determined. None of the four 
components, as measured in a hemolytic system, 
was present in ether-esterase. In the extracted 
serum, C’l, C’2 and C’4 were completely removed, 
but the amount of C’3 remained unchanged. 


O-C'l ESTERASE 
@ — ETHER -ESTERASE 


RESIDUAL UNITS C'4/ mi 


T 


1.0 20 22 
UNITS ESTERASE / AGGREGATE 

Fic. 1. C’4 INACTIVATION RESULTING FROM TRANSFER 
oF C’l ESTERASE AND ETHER-ESTERASE TO PREFORMED AN- 
TIGEN-ANTIBODY AGGREGATES. In this experiment, washed 
antigen-antibody aggregates were incubated with 1.0 ml 
of each esterase, in the concentrations plotted, and 10° M 
Ca** at 0° C for 30 minutes. 
reacted with heated serum (56° for 30 minutes) at 0° C 
for 30 minutes. The precipitates were separated by cen- 
trifugation in the cold and the supernatant fluids titrated 
for C’4 activity. 


These aggregates were then 


rat 
are 
Si) 
A 
480 
360 
a 
120 
60 
i 
if 
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d) The uptake of ether-esterase and C’l-esterase 
by antigen-antibody aggregates was compared. 
Washed aggregates were incubated with 1.0 ml 
of various concentrations of each esterase prepa- 
ration in the presence of 10° M Ca** at 0° C for 


Other esterase-treated aggregates were tested 
for their ability to inactivate C’4 in serum which 
had been heated for 30 minutes at 56° C. The ag- 
gregates and heated serum were incubated for 30 
minutes at 0° C, and then centrifuged in the cold 


30 minutes. The aggregates were then centri- for 20 minutes at 3,000 rpm. The supernatant 
fuged at 3,000 rpm for 20 minutes at 0° C, sepa- fluids were tested for residual C’4 activity. 

rated from the supernatant fluids, and washed with A significant amount of N-acetyl-L-tyrosine 
2.0 ml of 0.04 M sodium chloride. Each aggre- ethyl esterase activity was found on antigen-anti- 
gate, suspended in 0.5 ml of 0.15 M sodium chlo- body aggregates which had been incubated either 
ride, was tested for its ability to hydrolyze with C’l or ether-esterase (Table IV). Ester 
N-acetyl-L-tyrosine ethyl ester in the standardized hydrolysis was measured at low concentrations of 
assay system. The supernatant fluids were simi- esterase. Under these circumstances the method 
larly tested. is less accurate, as has been pointed out, perhaps 


TABLE V 


Some synthetic substrates of C'l-esterase (19) and ether-esterase * 


Concentration Ac id liberated in 24 hours 
in enzyme — — 
substrate Ether- 
Substrate mixture Dissolved in esterase esterase 


pmoles 


Methyl Cello- 11.6 t 
solve, 10% 


Methyl Cello- 4.4 
solve, 10% 

0.15 M NaCl 

Methyl Cello- 

solve, 10% 

0.15 M NaCl 

0.15 M NaCl 

Methyl Cello- 


solve, 5% 
Methyl Cello- 
solve, 10% 
Methyl Cello- 
solve, 10% 
Methy! Cello- 
solve, 10% 
0.15 M NaCl 


N-acetyl-L-tyrosine ethyl ester 0.02 M 
N-acetyl-L-tryptophan ethyl ester§ 0.02 M 


Benzoyl-L-arginine ethyl ester HCI§ 0.02 } 
N-acetyl-L-phenylalanine ethyl ester 0.02 


Benzoyl-L-arginine methyl ester HCI§ 0.02 } 
p-toluene sulfonyl-L-arginine methyl ester HCI§ 0.02 1 
N-acetyl-3-5-dinitrol-L-tyrosine ethyl ester|| 0.01 } 


L-tyrosine ethyl ester§ 0.02 } 
N-acetyl-pL-alanine ethyl estert 0.02 } 
L-tryptophan ethyl ester§ 0.02 M 
Glycyl-glycine ethyl ester§ 0.02 M 
Glycyl-glycine§ 0.02 M 0.15 M NaCl 
pL-serine ethyl ester 4 0.02 M 0.15 M NaCl 


0.02 M 0.15 M NaCl 
0.02 M 0.15 M NaCl I 


L-lysine methyl ester|| 


L-lysine ethyl ester§ 


* Hydrolysis of these synthetic substrates by ether-esterase was determined by the method of Ratnoff and Lepow 
(19), with the exception of L-lysine ethyl ester. Acid liberated during incubation at 37° C for 24 hours was measured by 

means of a micro-formol titration. The results of experiments using C’l-esterase are those reported previously (19). The 
quantitative differences in effect of the two esterase preparations are unexplained. 

+ Department of Chemistry, Western Reserve University. 

t Significant hydrolysis after 1 hour previously reported ; not te sted at 24 hours. 

§ Mann Research Laboratories, N. 

H. M. Chemical. Co., Santa Monica, Calif. 

§ Nutritional Biochemicals C. orp., C leveland, Ohio. 

** The hydrolysis of this substrate was measured by a minor modification of the Hestrin method. 8.8 U of ether- 
esterase and 7.6 U of C’l-esterase were used in the incubation mixtures. e hydrolyses of other synthetic substrates 
by C’l-esterase are values which have been published by Ratnoff and Lepow ‘(19), 
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accounting for some of the discrepancies between 
original esterase concentration and the apparent 
uptake by the antigen-antibody aggregate (Table 
IV). 

Antigen-antibody aggregates which had been in- 
cubated with either esterase inactivated C’4 in 
proportion to the amount of esterase in the incu- 
bation mixture. The results were essentially 
identical whether C’l-esterase or ether-esterase 
was employed (Figure 1). 

6. Other substrates of ether-esterase. 
hydrolysis of a variety of synthetic substrates was 
tested in an incubation mixture containing about 
10 U of ether-esterase. 
were measured after an incubation period of 24 
hours instead of the 15 minute period used in the 


a) The 


Products of hydrolysis 


standardized assay. It may be seen in Table V 
that large amounts of N-acetyl-L-tyrosine ethyl 
ester were digested. Among those tested, the 
same substrates were digested by C’l-esterase and 
ether-esterase. 

b) Ether-esterase did not digest casein or de- 
natured hemoglobin. A fibrin clot dissolved in 
about the same time whether it contained ether- 
Un- 
like plasmin, this enzyme did not digest fibrin. 

7. Other properties of ether-esterase. A pool 
of several ether-esterase preparations was found 


esterase or, instead, barbital-saline buffer. 


to contain 1 per cent or less of the Hageman fac- 
tor activity, about 50 per cent of the Christmas 
factor activity, and about 25 per cent of the “pro- 
convertin” activity of a pool of normal serum. It 
amount of thrombin 
It was rich in 
plasminogen, but contained no measurable plasmin 


also contained a minimal 


(clot formation in 55 minutes). 
or plasminogen-activator. No plasmin inhibitor 
was detected. 

A preparation of ether-esterase was stable at 
4° C for 1 week, and lost about half of its ac- 
tivity during a second week at this temperature. 
No activity was lost at 37° C over a period of 3 
hours, but it was completely inactivated by heat- 
ing to 56° C for 30 minutes. 

The electrophoretic mobility of ether-esterase 
on paper was similar to that of an a-globulin at 
pH 8.6 and ionic strength 0.15. 


DISCUSSTON 


Extraction of serum with ether in the manner 
described resulted in the separation of a fraction 
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rich in esterase activity. The experiments de- 
scribed suggest the identity of this esterase with 
an esterase derived from a preparation of the first 
component of complement. The esterase obtained 
by ether extraction of serum and that prepared 
from a partially purified preparation of the first 
component of complement both inactivated the 
fourth component of complement, hydrolyzed the 
same spectrum of synthetic amino acid esters, 
transferred to antigen-antibody aggregates in 
comparable fashion, and were inhibited by the 
same fraction of serum. In addition, fractions of 
serum lacking the first component of complement 
did not develop esterase activity following ether 
extraction. In the absence of more direct means 
of describing ether-esterase and C’l-esterase, a 
comparison of the above properties offers the only 
means of identification at this time. The specific 
activity was usually two or three times that of a 
previously described preparation of C’l-esterase 
(2). 

Some of the synthetic amino acid esters hydro- 
lyzed by both C’l-esterase ether-esterase 
have also been reported as satisfactory substrates 
for the esterase activity which may be eluted from 
antigen-antibody aggregates that have been treated 
with human complement. This activity has also 
heen attributed to C’l-esterase (7). 

The preparation of ether-esterase contained 
However, fibrin was digested only 
In the absence of 


plasminogen. 
when streptokinase was added. 


streptokinase, ether-esterase did not digest casein, 
denatured hemoglobin or fibrin, suggesting that 
it contained no appreciable activity attributable to 


plasmin. Thus, this extraction had not activated 
plasminogen to plasmin. 

Thrombin was also present in negligible amounts, 
but this enzyme has not been reported to hydrolyze 
N-acetyl-L-tyrosine ethyl ester (28). 

The mechanism by which ether extraction ac- 
tivates this esterase is unknown. Activity at- 
tributable to C’l-esterase has been demonstrated 
in certain serum fractions treated with strepto- 
kinase or plasmin (6). Perhaps treatment of se- 
rum with ether could activate plasmin, and this 
enzyme in turn could activate the esterase. How- 
ever, ether has been shown not to activate plas- 
minogen to plasmin (38), an observation con- 


firmed in the present paper. No activity resem- 
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ETHER ACTIVATION OF SERUM ESTERASE 


bling that of plasmin has been demonstrated in 
preparation of ether-esterase. 

Perhaps a more likely mechanism relates the 
activation of ether-esterase to the disappearance 
of human serum inhibitor to C’l-esterase during 
ether extraction. For example, removal of the 
inhibitor might have allowed the esterase to evolve 
from a precursor, possibly by autocatalysis. Al- 
ternatively, removal of the inhibitor may have 
liberated preformed esterase. This suggestion, 
however, is not compatible with earlier studies 
demonstrating that C’l-esterase evolves auto- 
catalytically from an inactive precursor (6). The 
physical conditions under which activation oc- 
curred, namely, the process of thawing, prevented 
studies of the kinetics of the activation process. 
In addition, the destruction of the inhibitor by 
ether precluded studies of the effect of added in- 
hibitor on the activation process. 

Klein (39) has reported the formation of a 
stable complex of C’l and sensitized sheep red 
He observed that treating guinea pig se- 
rum with large amounts of ether resulted in the 
destruction of C’4 in this serum. This prepara- 
tion lacking C’4 was found to be anticomple- 
mentary after incubation at low temperature for 
6 to 8 hours. It is possible that this anticomple- 
mentary effect was related to the evolution of es- 
terase activity derived from C’l and identical to 
that described in the present paper. In addition, 
he noted that serum from which C’4 had been re- 
moved by treatment with hydrazine inhibited the 
hemolytic activity of a complex of sensitized red 
cell and C’l. This effect was not found in serum 
from which C’4 was removed with ether. These 
and other observations led him to conclude that 


cells. 


serum itself interfered with the reaction between 
C’4 and a complex of sensitized red cell and C’'l. 
This inhibitory effect was largely destroyed by 
ether, as was found to be true in the present 
studies. 

Austen (40) has provided evidence that an es- 
terase which is identical with C’l-esterase may be 


found in serum treated with chloroform. He too 


was unable to demonstrate that this activity was 


due primarily or secondarily to the activation of 
psmin. It is possible that the esterase he de- 
scribed is identical with the ether-esterase herein 


reported. 


SUMMARY AND CONCLUSIONS 


A method of extracting fresh serum with ether 
which activates a proesterase contained therein 
has been described. A large portion of the ester- 
ase formed (‘‘ether-esterase”) may be separated 
from an extracted fraction by centrifugation. 
This activity can not be identified with plasmin. 

The properties of ether-esterase suggest its 
identity with an esterase derived from the first 
component of complement. It is capable of in- 
activating the fourth component of complement 
in a serum fraction lacking the first component. 
This action is prevented by a purified preparation 
of a human serum inhibitor of C’l-esterase. More- 
over, ether-esterase activity could not be extracted 
from serum lacking C’l. 

The synthetic amino acid esters digested by 
are those de- 
suitable substrates for C’l-esterase. 
N-acetyl-L-tyrosine ethyl ester appears to be the 
substrates tested for 
The digestion of this 


ether-esterase which have been 


scribed as 


most satisfactory of those 
both esterase preparations. 
substrate by ether-esterase 
suitable amounts of purified human serum inhibi- 
tor of C’l-esterase. 

Comparable amounts of C’l-esterase and of 
ether-esterase may be transferred to a preformed 


is also prevented by 


antigen-antibody aggregate. 

The mechanism of activation of ether-esterase 
appears to be mediated through the destruction 
of serum inhibitor of C’l-esterase. It was not 
possible to demonstrate that plasmin played a 
role in this activation, or even that plasmin was 
activated by this extraction procedure. 
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EVIDENCE FOR SECRETION OF AN ALDOSTERONE-STIMULATING 
HORMONE BY THE KIDNEY * 


By JAMES O. DAVIS, CHARLES C. J. CARPENTER, CARLOS R. AYERS, 
JOHN E. HOLMAN anp ROBERT C. BAHN wItH THE SURGICAL As- 
SISTANCE OF ALFRED CASPER AnpD THE TECHNICAL ASSISTANCE 
ofr ELEANOR CAVANAUGH 


(From the Section on Experimental Cardiovascular Disease, Laboratory of Kidney and 
Electrolyte Metabolism, National Heart Institute and from the Department of 
Pathological Anatomy, Mayo Clinic, Rochester, Minn.) 


(Submitted for publication October 17, 1960; accepted December 2, 1960) 


In an earlier report (1), it was suggested from 
cross circulation experiments that a humoral agent 
provides the immediate stimulus for aldosterone 
production. It was proposed that this humoral 
substance be called the aldosterone-stimulating 
hormone (ASH). The present experiments were 
designed to determine the locus of secretion of 
ASH. 
the source of ASH were removed and, subse- 
quently, attempts were made to stimulate aldo- 
sterone secretion by bleeding. A positive response 


Specific regions or organs which might be 


to bleeding in the absence of ACTH has been 
considered as presumptive evidence for secretion 
of ASH. 
in hypophysectomized dogs since bleeding (2, 3) 
stimulates release of ACTH which promotes in- 


It is important that studies be conducted 


creased aldosterone secretion. Bleeding was used 
as a stimulus because it is a simple and effective 
means of increasing aldosterone production. 
Studies were made in normal dogs to establish 
the magnitude of the response in aldosterone se- 
In view of the marked fall 
in aldosterone secretion following hypophysec- 


cretion to bleeding. 


tomy, the possibility was examined that ASH is 
Since re- 
blood 


loss was obtained in hypophysectomized dogs, the 


secreted by the anterior pituitary. 


sponse in aldosterone secretion to acute 
effects of decapitation and subsequent bleeding 
Finally, the effects of 


bleeding on aldosterone secretion were observed in 


were next determined, 


hepatectomized-hypophysectomized dogs and in 


nephrectomized-hypophysectomized animals, and 


* This investigation was aided in part by Grant A-1944 
National Institutes of Health, Bethesda, Md. 
Preliminary report made during the discussion period 


from the 


at a symposium on aldosterone at the First International 
Congress of Endocrinology in Copenhagen, Denmark, 
July 21, 1960. 


the effects of saline extracts of kidney and of liver 
on aldosterone secretion have been studied. 


METHODS 


The animals were lightly anesthetized with sodium 
pentobarbital and maintained on a demand pneophore at 
a pressure of 10 to 15 cm water. The response to bleed- 
ing was measured 1 hour after acute hemorrhage, unless 
otherwise indicated. Bleeding was accomplished by re- 
moval of 250 to 300 ml of blood from the femoral vein 
of 15 to 20-kg dogs, with one exception; in the last ex- 
periment in which the simple hypophysectomized and 
nephrectomized-hypophysectomized dogs were studied al- 
ternately, 16 ml of blood per kg of body weight was re- 
An infusion of norepinephrine (100 yg per ml) 
in 5 per cent glucose was used to support all decapitated 
and hepatectomized dogs; also, in some of the hypophy- 
sectomized and nephrectomized-hypophysectomized dogs, 
support Arterial blood pressure 
measured continuously with a Statham strain gauge and 
The rate of norepinephrine 
infusion was varied in an attempt to achieve a constant 
adrenal blood flow throughout the experiment. Adrenal 
vein blood was collected by techniques described previ- 
ously (4). 

Hypophysectomy was performed by the oral approach 
(5). The procedure for decapitation consisted of: 1) 
placement of loose ligatures around the origin of the 
left subclavian and brachiocephalic arteries; 2) ligation 
and section of the cervical muscles at the level of the 
second cervical vertebra together with isolation of the 
common carotid arteries, the jugular veins and the vagi; 
3) ligation of brachiocephalic and left subclavian ar- 
teries; 4) ligation and section of the common carotid 
arteries, vagi and jugular veins; and 5) removal of the 
head after cutting the spinal column with an electric saw 
and bone forceps. In most of the animals, decapitation 
was complete within 4 minutes after ligation of the blood 
vessels to the head. The liver was deleted from the cir- 
culation by ligation of the hepatic artery near the hilum 
of the liver, shunting blood from the hepatic portal vein 
to the femoral vein, and by occluding all outflow from the 
liver. Outflow occlusion was accomplished by tying a 
piece of plastic tubing in the inferior vena cava in the 


moved. 


Was necessary. Was 


a Sanborn recording system. 
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region of the hepatic venous outflow. The kidneys were 
extirpated surgically from the dogs. 

Saline extracts of the two kidneys from each animal 
were made by homogenizing the kidney tissue in 300 ml 
of physiological saline (0.85 per cent) in a Waring 
blender. The homogenate was centrifuged at 8,000 
rpm in a Lourdes model AT centrifuge for 20 minutes. 
The supernatant was decanted and infused into the fe- 
moral vein of the nephrectomized-hypophysectomized as- 
say animal by means of a constant-infusion pump at a 
rate of 5 to 6 ml per minute. For the liver extracts, an 
amount of normal dog liver equal to the weight of the 
kidneys was processed in the same manner as was the 
kidney. 

The concentrations of aldosterone and corticosterone 
in adrenal vein plasma were measured by the double 
isotope derivative assay procedure of Kliman and Peter- 
son (6) and the simultaneous secretion rates for the two 
hormones were determined. The secretion rate of cor- 
ticosterone rather than of cortisol was measured because 
of the similar polarity of corticosterone monoacetate and 
aldosterone diacetate during descending chromatography 
in the solvent systems used. It has been shown previ- 
ously (7) that changes in corticosterone secretion are 
very closely correlated with changes in Porter-Silber 
chromogen output. To demonstrate the specificity of the 
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TABLE I 


Data on specificity of the double isotope derivative assay pro- 
cedure for aldosterone in adrenal vein plasma from bled 
decapitated dogs 


Dog no. H#/C* ratios after each chromatography 
Ist 2nd 3rd 4th 
z 97.8 5.60 3.59 3.89 
3 17.8 1.09 0.54 0.83 
4 56.0 1.24 0.07 0.62 
5 89.3 3.68 2.88 2.62 
8 88.8 2.40 0.92 1.05 
9 14.2 0.93 0.45 0.60 
10 120.0 1.97 1.02 129 


double isotope technique under the present conditions, 
the H*/C™ ratios were measured after each of four 
chromatographies as described elsewhere (1). The re- 
sults from the study of the H*/C™ ratios from samples 
of adrenal vein plasma from 7 of the 9 decapitated dogs 
which responded to bleeding are presented in Table I. 
Porter-Silber chromogens were determined by a modi- 
fication of the method of Peterson, Karrer and Guerra 
(8). 

In the first group of 8 simple hypophysectomized dogs, 
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EFFECTS OF BLEEDING ON ALDOSTERONE AND CORTICOSTERONE SECRETION IN 
(CENTER SECTION). 


For comparison, data are presented 


from five normal unstressed conscious dogs (on the left) and for the means and 
standard deviations from anesthetized normal dogs stressed by laparotomy (on the 


right). 


the base of the hypothalamus and any remaining tissue 
in the sella turcica were sectioned serially to determine 
the completeness of hypophysectomy. 


RESULTS 


Effects of hemorrhage on aldosterone and cor- 
The re- 
sponse of eight normal dogs to acute blood loss 


ticosterone secretion in normal dogs. 


was studied to provide data for comparison with 
the effects of bleeding in the other experimental 
groups. The results are presented in Figure 1. 
The average control value for aldosterone secretion 
One hour after hemor- 
rhage, the rate of aldosterone secretion was sig- 
nificantly increased to 0.040 pg per minute (p< 
0.01). 


edly elevated above the normal basal level (7) 


was 0.020 pg per minute. 


Corticosterone secretion, which was mark- 


during the control period due to the stress of 
laparotomy, was unchanged following acute hem- 
orrhage. Acute blood loss was frequently accom- 
panied by a slight reduction in arterial pressure. 

Effects of bleeding on steroid secretion in hy- 


pophysectomized dogs. Eight normal dogs were 


hypophysectomized and 2 to 4 hours later the re- 
sponse to bleeding was determined (center sec- 
tion of Figure 2). 
aldosterone secretion in the eight hypophysecto- 
mized dogs before bleeding was 0.008 pg per min- 
ute and in four of the animals (Dogs 1, 3, 5 and 
7), the rate of secretion of aldosterone was below 
0.005 pg per minute. 
erage value for aldosterone secretion in each ani- 
mal was higher than that during the control pe- 
riod and the mean value for the group was 0.016 
pg per minute, which represents a 100 per cent 
increase (p < 0.02). Also, the rates of aldoster- 
one secretion in the bled hypophysectomized dogs 


The average control value for 


Following bleeding, the av- 


were frequently higher than in conscious un- 
stressed normal dogs with a basal output of ACTH 
(left section of Figure 2), and in three animals 
aldosterone secretion was as high or higher than 
the average value for normal anesthetized dogs 
subjected to the stress of laparotomy (right sec- 
tion of Figure 2). The control values for corti- 
costerone secretion were very low in the hypo- 
physectomized animals (center section of Figure 
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2) and remained low following bleeding in com- 
parison with corticosterone output by the anes- 
thetized stressed animals (right section of Figure 
2). In individual animals, two or all three values 
for corticosterone secretion after bleeding were 
slightly higher than the two control values in five 
of the dogs (Dogs 1, 2, 3, 6 and 8 of Figure 2); 
however, the average increase in corticosterone 
output from 0.059 to 0.109 pg per minute was not 
statistically significant (p > 0.1). 

To determine the completeness of hypophysec- 
tomy, serial histological sections were made of 
the base of the hypothalamus and of any tissue 
remaining in the sella turcica. Hypophysectomy 
was complete in Dogs 1, 2 and 6 (Figure 2). 
In Dog 5, a large remnant of pars tuberalis was 
present and in Dogs 3, 4, 7 and 8 a minute frag- 
ment of pars tuberalis remained. 

Effects of hemorrhage on aldosterone secretion 
following decapitation. The results of a typical 
experiment which illustrate the design used are 
presented in Figure 3. The initial control values 
for aldosterone secretion were low as a result of 
hypophysectomy, and decapitation was without 
effect. Following bleeding, aldosterone secretion 
increased 200 per cent, while adrenal blood flow 
was essentially unchanged. 

The results for all ten decapitated dogs before 
and after bleeding are presented in the center sec- 
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tion of Figure 4. Aldosterone secretion increased 
in nine of the ten dogs and the average increase 
for the group was from 0.007 to 0.022 pg per min- 
ute (p< 0.01). In four animals (Dogs 2, 5, 8 
and 10), the rates of aldosterone secretion after 
bleeding were as high or higher than the average 
value for anesthetized stressed normal dogs (right 
section of Figure 4). In Dog 5, hypophysectomy 
was apparently incomplete since the control cor- 
ticosterone secretion values were considerably 
higher than the very low rates of corticosterone 
output by the other dogs. It is of interest that 
Dog 5 showed the most marked response to bleed- 
ing ; the increase in aldosterone secretion was simi- 
lar to that observed in normal dogs (Figure 1). 
This result may reflect the importance of sufficient 
circulating ACTH remaining during the hour fol- 
lowing decapitation to effect a marked response 
to bleeding. The average value for adrenal blood 
flow was unchanged after bleeding (Figure 5) and 
both the control and experimental values were 
essentially the same as the adrenal blood flow of 
2.90 + a standard deviation of 0.72 ml per minute 
in anesthetized stressed normal dogs. 
Corticosterone secretion was very low before 
bleeding in all decapitated animals except Dog 5. 
Following acute hemorrhage, corticosterone out- 
put increased slightly in all but Dog 5, and in 
Dogs 8 and 10 a substantial increase occurred. 
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(CENTER SECTION). The same comparative data are presented as in Fig- 
ure 2. 
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However, a statistical analysis of the group, ex- As a control on the effects of decapitation per 


cluding Dog 5 in which hypophysectomy was in- se on steroid secretion, three additional dogs were 
complete, yielded an insignificant change (p> studied immediately after decapitation and 1 hour 
0.05). later in the absence of bleeding. The results from 
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Fic. 6. FAILURE OF ALDOSTERONE SECRETION TO INCREASE 1 HOUR AFTER DE- 
CAPITATION IN THE ABSENCE OF BLEEDING. Subsequently, acute blood loss ef- 


a typical experiment are presented in Figure 6; at 
the end of the 1 hour control period, aldosterone 
secretion was at the low posthypophysectomy level. 
Also, in the other two dogs, aldosterone output 
was low at the end of the control period. In the 
first animal studied (Figure 6), after the control 
period the typical response in aldosterone se- 
cretion to bleeding occurred. Corticosterone out- 
put was unchanged in two dogs and increased 
slightly in the other animal. The results show, 
therefore, that decapitation per se was without 
effect on aldosterone secretion. It is concluded 
that ASH is extracranial in origin. 

Effects of bleeding on steroid secretion in he- 
patectomized-hypophysectomized animals. The 
liver and the kidney were considered as the two 
most likely extracranial sites for secretion of ASH. 
These two organs consist of large masses of 
highly differentiated parenchymatous tissue and 
both organs are very important in the pathogene- 
sis of ascites (9). The possibility of secretion of 
ASH by the liver was examined first. The an- 
terior pituitary was removed to exclude the ef- 
fects of an increase in ACTH secondary to bleed- 
ing since ACTH release might obscure the re- 
sponse in aldosterone secretion to ASH. 


fected the usual elevation in aldosterone output. 


The results from bleeding of 12 hepatectomized- 
hypophysectomized dogs are presented in the cen- 
ter section of Figure 7. Failure of Dogs 1-4 to 
respond to bleeding is probably attributable to the 
deterioration of the animals; it was difficult to 
keep these first four animals alive after hypophy- 
sectomy, hepatectomy and acute hemorrhage. 
With experience, hepatectomy was performed 
more quickly and arterial pressure was sustained 
more effectively by careful regulation of the nor- 
epinephrine and glucose infusion. In contrast 
to Dogs 1-4, a definite increase in aldosterone se- 
cretion followed bleeding in Dogs 5-11. These in- 
creases in aldosterone secretion in Dogs 5—11 were 
not associated with increases in adrenal blood flow. 
Of considerable importance is the level of aldoster- 
one secretion observed before bleeding in the hepa- 
tectomized-hypophysectomized dogs; the mean 
value for the group (exclusive of Dog 12 in which 
hypophysectomy was apparently incomplete) was 
0.012 pg per minute. This value is in marked 
contrast to the very low rates of aldosterone se- 
cretion observed in the absence of the kidneys 
(Figure 8). The difference between the rate of 
aldosterone secretion of 0.012 pg per minute be- 
fore bleeding in the hepatectomized-hypophysec- 
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tomized dogs and that of 0.003 pg per minute in 
the 13 nephrectomized-hypophysectomized dogs of 
Figure 8 is highly significant (p< 0.001). The 
data indicate that a substantial amount of ASH is 
secreted by a source other than the liver. 
Corticosterone secretion was low before bleed- 
ing and failed to change significantly (p > 0.9). 
Evidence for secretion of an aldosterone-stimu- 
lating hormone by the kidney. In the first part of 
this experiment, the response to bleeding was 
studied in 13 nephrectomized-hypophysectomized 
dogs; the spleen was also removed in Dogs 1-5 of 
Figure 8. The experimental design and typical 
findings are presented in Figure 9 and the results 
for all 13 animals are plotted in Figure 8, Aldo- 
sterone secretion was very low before bleeding and 
11 of the 13 dogs failed to respond to acute blood 
loss. However, in Dogs 3 and 9, aldosterone se- 
cretion was higher after than before bleeding. In 
samples from both animals, the radiochemical pur- 
ity of the final radioactive area on the chromatogram 
was demonstrated; the H*/C™ ratios were con- 
stant after three chromatographies. Also, repeat 
analyses of another set of samples from each dog 
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showed the same apparent increase that was ob- 
served from the first group of analyses. The con- 
trol values for corticosterone output before bleed- 
ing were also very low (0.05 pg per minute) and 
no change occurred after acute hemorrhage (p > 
0.9). Adrenal blood flow was essentially the same 
before and after bleeding (p > 0.1). 

Because Dogs 3 and 9 of Figure 8 appeared to 
show a response to bleeding, another group of ani- 
mals was studied (Figure 10).. Observations on 
the effects of bleeding in eight simple hypophysec- 
tomized dogs were made alternately with studies 
in nine nephrectomized-hypophysectomized ani- 
mals, The numbers show the consecutive order in 
which the animals were studied. Dogs 1 and 2 
of Figure 10 are Dogs 12 and 13 of Figure 8. 
The other 15 dogs of Figure 10 represent a new 
group of animals. 

Aldoesterone secretion increased slightly in 
every simple hypophysectomized dog (Figure 10) 
and the change was statistically significant for the 
group (p< 0.02). In contrast, only one of the 
group of nine nephrectomized-hypophysectomized 
dogs showed an increase in aldosterone secretion 
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Fic. 9. A TYPICAL EXPERIMENT ON THE EFFECTS OF BLEEDING ON STEROID SECRETION 
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CELL-FREE SALINE EXTRACT OF THE ANIMAL'S OWN KIDNEYS. 


For comparison, the mean 


values and standard deviations for 26 anesthetized normal dogs stressed by laparotomy 


are presented on the right, 
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after bleeding (p> 0.2). Also, the initial con- dogs than in the eight simple hypophysectomized 
trol values before bleeding appeared to be lower animals of Figure 10, and no tritium was present 
in the nine nephrectomized-hypophysectomized in samples from Dogs 14 and 16, Comparison of 
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the control values before bleeding in all 16 simple 
hypophysectomized dogs (Figures 2 and 10) with 
all 20 nephrectomized-hypophysectomized animals 
(Figures 8 and 10) showed mean values of 0.009 
and 0.0045 pg per minute, respectively, a differ- 
ence which was highly significant (p < 0.001). 

Corticosterone secretion in the simple hypophy- 
sectomized dogs (Figure 10) was low before 
bleeding and increased slightly after acute hemor- 
rhage in five of the eight dogs; also, the increase 
for the group was statistically significant (p< 
0.01). In the nephrectomized-hypophysectomized 
dogs (Figure 10), corticosterone secretion was un- 
changed (p > 0.9). 

The response to saline extracts of the kidney in 
7 of the 20 nephrectomized-hypophysectomized 
animals was studied (Figure 11). Aldosterone 
secretion increased in every animal and the in- 
crease for the group was from 0.004 to 0.028 pg 
per minute, a sevenfold increase which was highly 
significant (p< 0.01). Corticosterone secretion 


was unaffected by the kidney extracts (p > 0.1). 
Porter-Silber chromogens were 0.08 pg per min- 
ute before and 0.05 pg per minute after the infu- 
sion of the kidney extracts (p> 0.9). 


Also, 
adrenal blood flow was unchanged (p > 0.9). No 
consistent effect on arterial blood pressure was 
observed, 

To obtain evidence on the specificity of the 
response to renal extracts, saline extracts of liver 
were studied under circumstances indentical with 
those used for the kidney extracts. An increase 
in aldosterone secretion occurred in only four of 
the seven dogs and the change for the group was 
not statistically significant (p > 0.05) (Figure 11). 
The liver extracts had no effect on corticosterone 
secretion. The data suggest that the response to 
kidney extracts represents a specific effect. 

DISCUSSION 

Substantial evidence has accumulated to demon- 
strate that the immediate stimulus to aldosterone 
production is humoral. Indirect evidence was ob- 
tained from experiments in which the transplanted 
adrenal was stimulated to secrete increased amounts 
of aldosterone by acute blood loss (3), chronic 
thoracic caval constriction (3) and Na depletion 
(10). Direct evidence was provided by cross cir- 
culation of blood from hyperaldosteronemic donors 
with thoracic caval constriction through normal 


693 


isolated adrenals with a resultant increase in al- 
dosterone secretion by the isolated adrenals (1). 
Also, concurrent independent observations by Den- 
ton, Goding and Wright (11) showed that an- 
other stimulus, namely Na depletion, gave rise to 
a circulating aldosterone-stimulating factor in 
sheep. 

In the present study, several sites have been 
examined as the possible locus for secretion of the 
aldosterone-stimulating hormone released second- 
ary to acute blood loss. The response in aldo- 
sterone secretion to bleeding in hypophysectomized 
dogs demonstrated an extrapituitary origin of 
ASH. This result agrees with the almost identi- 
cal response to bleeding of hypophysectomized 
dogs observed by Mulrow and Ganong (2). Also, 
the finding of hypersecretion of aldosterone in 
completely hypophysectomized dogs with thoracic 
caval constriction indicates an extrapituitary origin 
for ASH (7). 

In a previous study (12), it was demonstrated 
that midbrain transection failed to result in de- 
creased aldosterone secretion, and subsequent ele- 
vation in aldosterone secretion occurred in re- 
sponse to acute blood loss. Also, destruction of 
the pineal gland and associated structures was 
without effect on urinary aldosterone and Na ex- 
cretion, and subsequent thoracic caval constriction 
resulted in hypersecretion of aldosterone (9). 
These findings suggest that ASH originates either 
from the lower brain stem or from an extracranial 
organ. 

To discriminate between these two possible 
sources of ASH, dogs were decapitated and bled. 
A 200 per cent increase in aldosterone secretion 
occurred following acute hemorrhage. The aver- 
age increase in aldosterone secretion from 0.007 
to 0.022 pg per minute (an increment of 0.015 pg 
per minute) was almost as great as the elevation 
of 0.020 pg per minute in normal dogs in response 
to acute hemorrhage. Since ACTH and ASH are 
both released in response to acute hemorrhage, a 
smaller response in aldosterone output would be 
expected in the absence of the anterior pituitary. 
The control experiment in which observations 
were made 1 hour after decapitation but without 
bleeding demonstrates that the increase in aldo- 
sterone production resulted in response to bleed- 
ing in the decapitated dogs and was not second- 
ary to decapitaticn per se or to trauma associated 
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with removal of the head. Also, the control ob- 


servations show that the increase in aldosterone 


production following decapitation and bleeding is 


not the result of loss of an inhibitory factor. If 
Dog 5 of Figure 4 is excluded because of an in- 
complete hypophysectomy, the response in aldo- 
sterone secretion to acute hemorrhage in the nine 
decapitated dogs is almost identical with the re- 
sponse of the simple hypophysectomized animals. 
This finding gives no indication that more ASH 
was released in the presence than in the absence of 
the brain. At this point in our studies, it was 
concluded that ASH is secreted by an extracranial 
organ. 

We reasoned that the liver and kidney are the 
two most likely extracranial sites for secretion of 
ASH. Hepatectomy of hypophysectomized dogs 
and subsequent bleeding provided evidence for an 
extrahepatic source of ASH. The initial control 
values for aldosterone secretion before bleeding in 
hepatectomized-hypophysectomized dogs were con- 
siderably higher than in nephrectomized-hypophy- 
sectomized animals and a substantial elevation in 
aldosterone secretion occurred following acute 
blood loss in seven hepatectomized-hypophysecto- 
mized dogs. 

The first evidence for secretion of ASH by the 
kidney was the failure of nephrectomized-hypophy- 
sectomized animals to respond to acute hemor- 
rhage by an increase in aldosterone production. 
Also, the control values for aldosterone secretion 
before bleeding in nephrectomized-hypophysecto- 
mized animals were significantly less than those 
in hypophysectomized dogs. Direct evidence for 
a potent stimulator of aldosterone secretion in kid- 
ney tissue was demonstrated by the striking con- 
sistent increase in aldosterone production during 
the infusion of saline extracts of kidney, but no ef- 
fect on corticosterone secretion or Porter-Silber 
chromogen output occurred. 
recent unpublished studies of fractions of crude 
kidney extracts, certain fractions do stimulate cor- 


However, in more 


ticosterone production. During the discussion of 
the author's lecture on the present data at the 
Laurentian Hormone Conference for 1960, Mul- 
row and Ganong (13) reported that aldosterone se- 
cretion failed to increase following bleeding in four 
of six nephrectomized-hypophysectomized dogs 
and intravenous injection of kidney extracts aug- 
mented aldosterone production. 


DAVIS, CARPENTER, AYERS, HOLMAN AND BAHN 


It is of interest that corticosterone secretion was 
occasionally, but not consistently, increased slightly 
following bleeding in the simple hypophysecto- 
mized dogs and in the decapitated dogs. This 
finding may reflect an influence of ASH on cor- 
ticosterone secretion in some experiments, The 
occasional increase in corticosterone secretion af- 
ter bleeding in the presence of the kidney is in con- 
trast to the consistent failure of a response in 
corticosterone production to bleeding in the ne- 
phrectomized-hypophysectomized dogs of Figures 
8 and 10 in which high p values were obtained. 

The present results provide evidence for se- 
cretion of an aldosterone-stimulating hormone by 
the kidney in response to acute blood loss. Is this 
hormone the same substance present in experi- 


Ob- 


servations on the effect of nephrectomy in ten 


mental secondary hyperaldosteronism (1) ? 


hypophysectomized dogs with thoracic caval con- 
striction have demonstrated a marked drop in al- 
dosterone (unpublished data). This 
finding and the present data are consistent with 
the view that a common aldosterone-stimulating 
hormone, ASH, provides the immediate stimulus 
to aldosterone production following acute hemor- 
rhage and in experimental secondary hyperaldo- 


secretion 


steronism. 

What is the nature of ASH? One possibility is 
that ASH is renin or renin-like in nature. The 
hypothesis that the renin-hypertensin system is 
concerned in the physiological control of aldo- 
sterone secretion and that a feedback mechanism 
to the kidney exists has been clearly outlined by 
Gross (14). There are many experimental find- 
ings on the relationship of the adrenal cortex, al- 
dosterone, DCA, salt and renal hypertension to 
one another and these have been outlined by To- 
bian (15). Recent evidence has been provided to 
demonstrate that hypertensin I] augments aldo- 
sterone secretion. Genest, Koiw, Nowaczynski 
and Sandor (16) found that hypertensin II in- 
creased urinary aldosterone excretion in man, and 
Laragh, Angers, Kelly and Lieberman (17) dem- 
onstrated an increase in the rate of aldosterone 
secretion during infusion of hypertensin II to hu- 
mans. Also, the intravenous infusion of hyperten- 
sin II increased aldosterone production in nephrec- 
tomized-hypophysectomized dogs (18). Finally, 
there are case reports (19-21) in man in which 
unilateral renal disease such as renal artery oc- 
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clusion was associated with hypertension and hy- 
peraldosteronism. There is, therefore, some in- 
direct evidence for a causal relation of the renin- 
hypertensin system to aldosterone secretion, but 
the precise relationship and its physiological sig- 
nificance remain to be defined. The more recent 
finding of a normal rate of aldosterone secretion 
in dogs with experimental renal hypertension (per- 
sonal observations) constitutes evidence against 
the renin-hypertensin system in the control of 
aldosterone secretion. Another possibility which 
must be considered is that renin and ASH are 
distinctly different substances in the same or in 
different biochemical pathways in the kidney. 
Similarly, the nature of the stimulus which re- 
leases ASH from the kidney is unknown. The 
explanation proposed by Tobian (15) that a de- 
creased volume or pressure in the afferent arteri- 
oles of the kidney might lead to release of renin by 
the juxtaglomerular cells deserves consideration 
Following 
hemorrhage, there is a decrease in total blood vol- 
ume and, frequently, a fall in arterial pressure re- 
sults. In dogs with thoracic caval constriction, a 
high venous pressure below the constricting liga- 
ture is essential for initiation of the sequence of 


as the mechanism for release of ASH. 


changes leading to hyperaldosteronism (22). Fol- 
lowing caval constriction, the high hydrostatic 
pressure leads to loss of fluid and electrolytes 
from the blood stream and to an acute decrease in 
plasma volume (22). The reduced plasma vol- 
ume is restored to normal by retention of salt 
and water in dogs with caval constriction (23) or 
increased above normal in experimental right 
heart failure (24). A plausible working hypothe- 
sis is that a decreased volume or pressure occurs 


in a specific region of the kidney and that this 
local change leads to release of ASH. 


SUMMARY AND CONCLUSIONS 


Experiments were undertaken to determine the 
locus of secretion of the aldosterone-stimulating 
hormone which provides the immediate stimulus 
to aldosterone production. In the absence of 
ACTH, an increase in aldosterone secretion sec- 
ondary to acute blood loss was considered as pre- 
sumptive evidence for secretion of ASH. In a 
series of successive ablation experiments, re- 
moval of the anterior pituitary, the head, or the 
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liver was followed by an increase in aldosterone 
secretion in response to acute hemorrhage. Fol- 
lowing extirpation of the kidney and anterior pi- 
tuitary, acute blood loss failed to effect a signifi- 
cant change in aldosterone secretion and the basal 
rate of aldosterone production before bleeding was 
markedly reduced. Intravenous infusion of saline 
extracts of kidney into nephrectomized-hypophy- 
sectomized dogs resulted in a marked increase in 
aldosterone secretion, whereas saline extracts of 
liver studied similarly failed to produce a signifi- 
cant response. The data provide evidence for the 
renal origin of an aldosterone-stimulating hor- 
mone. 
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DETERMINATION OF RADIOACTIVELY LABELED GLOBULIN 
TURNOVER BY THE DIRECT WHOLE-BODY 
COUNTING TECHNIQUE * 

By STUART W. LIPPINCOTT, STANTON H. COHN, HELEN HAMEL, 
SAMUEL FINE SAMUEL KORMAN 


(From the Medical Department, Brookhaven National Laboratory, Upton, N. Y.) 


(Submitted for publication August 16, 1960; accepted December 16, 1960) 


In clinical studies of the metabolic behavior of 
radioactively labeled proteins, the turnover (bio- 
logical half-life or degradation rate) is usually de- 
termined from serum (or plasma) concentration 
curves which entail multiple blood sampling. 
The amounts of retained isotope are customarily 
inferred (by difference) from the analyses of ex- 
creta obtained from complete 24-hour samples col- 
lected for a number of successive days. In the 


present investigation the turnover of [**!-labeled 
beta and gamma-globulins prepared by chemical 
fractionation was determined not only by the con- 
ventional method of blood and urine sampling but 
also by a new technique utilizing the whole-body 
gamma spectrometer, This device permits in vivo 


measurement of very low levels of an internally de- 
posited gamma emitter (in this case, the I***), 
The procedure provides an excellent method for 
measuring retention of labeled globulins over long 
periods of time following administration of very 
low levels of isotopes. It also eliminates the te- 
dious radiochemical analyses of excreta. 


PATIENTS AND METHODS 


Preparation of I-labeled globulins. The globulins 
used for the turnover studies were prepared from indi- 
vidual serums of 3 subjects. The first preparation was 
a y-globulin fractionated by the method of Nichol and 
Deutsch (1). The donor was a 38 year old asympto- 
matic male who, after hospitalization and clinical in- 
vestigation, was considered a suitable healthy subject. 
The second preparation was also a ¥.,-globulin fractionated 
as noted above, but the donor was a patient with an 
established diagnosis of multiple myeloma, whose paper 
electrophoretic pattern disclosed a pronounced gamma 


peak. The third preparation, to be described elsewhere, 


was a beta globulin from a donor with an established’ 


diagnosis of multiple myeloma, whose electrophoretic 


* This research was supported by the U. S. Atomic 
Energy Commission. 
+ Research Collaborator from 


pital, New York, N. Y. 


the Montefiore Hos- 


pattern showed a distinct beta peak and no gamma 
globulin. 

The homogeneity of the fractionated globulins was 
studied by two physicochemical procedures. The elec- 
trophoretic characterization was carried out in the 
Spinco model of the Tiselius apparatus and the ultra- 
centrifugal patterns of these same fractions were deter- 
mined in the Spinco ultracentrifuge. In Figure 1 are 
shown the paper electrophoretic (a), Tiselius (b), and 
ultracentrifugation (c and d) determinations of the 7.- 
globulin fractionated from the sera of the normal healthy 
donor, Sm. There is a single peak in the paper strip 
and in both the ascending and descending limbs of the 
Tiselius electrophoretic patterns, indicative of a high 
degree of homogeneity in this y.-globulin. The sedi- 
mentation constant in (c) for the large peak was cal- 
culated as S.», giving a number of 6.48, corresponding to 
a molecular weight of about 160,000, which is in the ac- 
cepted range for gamma globulin. It is to be noted 
that there is also seen in (c) another small peak repre- 
senting a non-y.-globulin not separated from the major 
fraction by the technique employed. The S.. number 
for this peak was 9.95. In (d) the same preparation as 
in (c) was run after radioactive iodination but at a lesser 
concentration, thus showing a smaller peak. The Su.» 
number for this peak was calculated to be 6.64. The 
result of this determination was considered an indica- 
tion that by this analysis the iodination with I’ did 
not show recognizable denaturation of the y.-globulin. 
However, it must be noted that the techniques employed 
do not necessarily show subtler degrees of degradation, 
as might conceivably be detected by chromatographic 
analyses of protein with mapping of the location of ra- 
dioactivity. Figure 2 shows a study carried out in a 
way similar to that shown in Figure 1 but in this in- 
stance using the y.-globulin fractionated from the se- 
rum of hypergammaglobulinemic multiple myeloma do- 
nor patient L. In this preparation, the S.. number for 
the major peaks was 6.60 in (c) and 6.64 in (d) after 
radioactive iodination. For the small contaminating 
peak in (c), the number was 9.80. i 

Todination, assay and calculations. The globulin prepa- 
rations were iodinated and their radioactive assays de- 
termined as described before for serum and urine con- 
centration curves (2). This procedure was performed 
in a well-type scintillation counter using standard elec- 
tronic components. The number of microcuries in the 
labeled globulins ranged from 17 to 50.16 we and the 
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AFTER IODINATION) DETERMINATIONS OF ‘2-GLOBULIN FRACTIONATED FROM SERUM OF NORMAL DONOR 
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Fic. 2. PAPER ELECTROPHORETIC (a), TISELIUS (b) AND ULTRACENTRIFUGATION (c, BEFORE AND d, 


AFTER IODINATION ) DETERMINATIONS OF ‘,-GLOBULIN FRACTIONATED FROM SERUM OF HYPERGAMMAGLOB- 


ULINEMIC MULTIPLE MYELOMA DONOR PATIENT L., 
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Fic. 3. 


PLASTIC CALIBRATION PHANTOM IN STANDARD COUNTING POSITION 


IN STEEL 


ROOM. 


The calculations 


amount of protein from 2.5 to 4.9 mg. 
for determining the turnover consisted in plotting the 
radioactivity (after correction for physical decay) as a 
function of the time of sampling on semilogarithmic pa- 
per. The rapid early decay of the curve is thought to be 
due to distribution and mixing of the injected labeled 
preparation, while the second part of the curve is desig- 


nated as the slow component. It is an exponential de- 
cay indicated by the straight line and is considered to 
represent the rate of degradation of the injected labeled 
protein (3). 

Patients. The diagnoses of multiple myeloma in the 
two donors with this disease and in the recipient in 
whom the turnover studies were carried out were estab- 
lished by microscopic examination of bone marrow as- 
pirations. Chemical determinations of the serum pro- 
teins, paper electrophoretic serum patterns and X-ray 
bone surveys also supported the diagnoses. In the case 
of the recipient, Lugol’s solution was administered 3 
days before the injection of the labeled globulin and 
daily throughout the study to prevent thyroid accumu- 


lation of radioactive iodine. The maximal radiation 
dosage to the recipient was calculated to be 0.013 rad in 
a 50 kg patient, assuming an effective half-life of 4.3 
days and taking the blood as the critical organ (2). 

Whole-body counter. A whole-body gamma scintilla- 
tion spectrometer was utilized in this study for the in 
vivo detection of gamma radiation. The high quantum 
efficiency for gamma makes this instrument very valu- 
able for measuring small tracer amounts of radioactive 
isotopes. The gamma radiation from I-labeled globu- 
lin retained in the body as a function of time was meas- 
ured with an energy-sensitive Nal crystal detector. The 
data from the spectrometer are in the form of pulse-height 
spectra obtained by analysis of the amplified output of 
the detector. The information plotted is the counting 
rate per unit energy interval. 

The fact that the output pulse generated by the scin- 
tillation detector is proportional to the energy dissipated 
in the scintillator by the gamma photon gives this 
counter its greatest advantage. I’ in this study was 
identified by its distinctive energy spectrum, and the 
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Fic. 4. WHOLE-BoDY GAMMA SPECTROMETER METHOD VERSUS CONVENTIONAL 


SERUM CONCENTRATION AND URINARY METHODS. 


Turnover of I™ multiple 


myeloma beta globulin in a hypergammaglobulinemic patient with muitiple 


myeloma. 


number of pulses in its 0.364 Mev photopeak was taken 
as the measure of the amount present. 
Corrections were made for the appropriate background 
of the patient obtained before the injection of each la- 
beled compound. 

The Brookhaven National Laboratory whole-body 
counter is built around a 48 inch Nal (T1) crystal 
detector mounted with three 3-inch photomultiplier tubes. 
This detector is connected to a linear amplifier and by 
appropriate circuitry to a Penco (model PA-4) 100- 
channel pulse-height analyzer. The crystal detector is 
located in a shielded room, 6 X 7 X 9 feet, constructed of 
6 inch steel. The interior of this 42 ton room is lined 
with lead, cadmium and copper for shielding against the 
background radiation. 


quantitative 


low energy components of the 
The heavy shielding effectively reduces the gamma ra- 
diation to the detector from both cosmic rays and gamma- 
building materials, and in- 


creases the signal-to-noise ratio for the system. 


emitting contaminants in 
The patient is counted in a chair placed in a standard 
The 
crystal is mounted 19 inches above the apex of the chair 
so that it 
This counting 
while at the same time assuring to the patient a position 
The 
patient was counted immediately before and after icv. 
administration of the labeled compound and counts were 
made five times weekly over a period of approximately 


position under the crystal as shown in Figure 3. 


a large fraction of the whole body. 
optimal 


“sees” 


position approaches geometry 


which is both comfortable and easily reproducible. 


2 months for each study, each count taking 10 minutes. 

The stability of the counting efficiency of the whole- 
body counter is quite high. The percentage deviation 
of the counting efficiency in terms of counts per minute 
in the 0.66 Mev photopeak over 
At the same 
time the fluctuation in total background (0.1 to 2 Mev) 


in a 10-minute count was 1.1 per cent. The counting 


per microcurie of Cs™ 
the course of the study was 0.24 per cent. 


efficiency of the counter for the I’ photopeak is 0.24 per 
The precision of the counter for a 10-minute 
The counting 


cent. 
count for in the patient was 7.3 muc. 
rate response of the counter to I is linear up to 100 uc. 
The error in reproducing the geometry of the patient in 
the chair is 1.8 per cent. At 60 days after the adminis- 
tration of 50 we to patients, the error in the counting 
rate was 1.2 per cent. Following the administration of 
17 wc to 1 patient with a faster turnover, the counting 
error at 49 days was 12.3 per cent. 

The 100 per cent retention value was taken at 30 min- 
utes after i.v. injection. The whole-body I™ activity 
drops only a few per cent in the first few hours, then 
rises at about 6 hours, after which it falls off to the end 
of the experiment. One of the difficulties encountered 
in whole-body counting of patients immediately after i.v. 
administration of isotopes arises from the initial dis- 
This diffi- 
culty is greatest within the first few hours or days, de- 
pending on the localization of the radioelement or la- 
beled compound in the organs of ultimate deposition. 
It is this rapidly changing distribution of the isotope 
that accounts for the anomalous rise in I™ activity at 6 
hours. The apparent rise in activity (which may result 
from the label being fixed in the thyroid or gastric 
glands) reflects the altered geometry with respect to the 
relative position of the isotope to the detector. This 
problem will be discussed in detail in another paper. In 
this study the early redistribution of the isotope is not 
a problem since the retention, as measured by whole- 
body counting and by cumulative excretion data, cor- 
relates very closely from 3 days to the end of the study. 


tribution of the isotope as a function of time. 


RESULTS 


The turnover of a beta globulin prepared from 
the serum of a multiple myeioma patient and la- 
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beled with I**! is shown in Figure 4. The recipi- 
ent in whom the turnover study was performed 
was a hypergammaglobulinemic patient with mul- 
tiple myeloma. In curve B the half-time (T,) 
was determined by the serum concentration 
method as being 9.9 days and by the urinary 
excretion method as 8.7 days (curve C). These 
values are in good agreement and were es- 
tablished by two conventional methods. Through- 
out the period of these two studies and continuing 
to the fifty-third day, the patient was placed in 
the whole-body counter 34 times and the decrease 
in the radioactivity was determined with progres- 
sion of time. The T, established by the whole- 
body counter method was 10.3 days, The values 
obtained in curves A and B are essentially the 
same, while that from C is slightly shorter. This 
is not unusual for the urinary excretion curve, 
since it is always possible that a specimen may be 
lost and because a very small amount of the label 
appears in the feces and is therefore not accounted 
for, 

In the same recipient for whom the data are 
shown in Figure 4 and at a subsequent time, this 
patient was injected with I**!-y,-globulin prepared 
from the serum of a hypergammaglobulinemic 
multiple myeloma patient. In this instance (Fig- 
ure 5) the T, determined from the urinary ex- 
cretion data and that from the whole-body counter 


technique were compared. Instead of counting 


(A) WHOLE BODY COUNTER METHOD 
Tz * 6.3 DAYS 


(B) PERCENT DOSE RETAINED IN BODY 
FROM URINARY EXCRETION DATA 


T } * 6.5 DAYS 


PERCENT INJECTED DOSE 


(C) PERCENT DOSE RETAINED IN BODY 
FROM FECAL EXCRETION DATA 
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W HOLE-BODY 


an aliquot of a 24-hour urine collection in a scin- 
tillation well counter, the entire 24-hour urine col- 
lection obtained on each of 23 successive days was 
counted in the whole-body counter. 

The percentage dose retained in the body was 
then calculated from the gamma spectrometer uri- 
nary excretion data and the T, determined. The 
T, obtained by the whole-body counter method 
was 6.3 days and for the data from urinary excre- 
tion (percentage dose retained) was 6.5 days. 
During this study, 24-hour fecal collections were 
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made for 14 days and each entire collection was 
counted in the whole-body device to determine the 
amount of loss of the radioactive label appearing 
in the feces. It can be seen that it did not exceed 
1 per cent. 

Replicate testing cannot be carried out with 
these procedures, but the accuracy of the whole- 
body counter method was determined as shown 
in Figure 6. Radioactively labeled beta globulin 
was injected into the patient as indicated in curve 
A and the T, was 10.3 days. About 3.5 months 
later, beta globulin was again labeled, injected into 
the same patient, and the T, was 9.8 days as seen 
in curve B. Between those two studies multiple 
myeloma gamma globulin was labeled, injected 
into the same patient, and the T, was 6.3 days 
(curve C). About 3.5 months after this, the T, 
for labeled normal gamma globulin was deter- 
mined and found to be 7 days (curve D). Thus, 
in a period of about 7 months four turnover stud- 
ies were carried out by the whole-body counter 
technique in the same patient, and the reliability of 
the method, based on reproducibility, was estab- 
lished for the two types of globulins. 


DISCUSSION 


The validity of the turnover values obtained in 
The 


protein preparations used must meet a rigid stand- 


this study is dependent upon several factors. 


ard of homogeneity, for at best globulins will not 
be as homogeneous as albumin. By determining 
the electrophoretic and ultracentrifugal patterns, 
suitable products can be selected for labeling. Ra- 
dioactive labeling should not degrade the protein. 
This was investigated by ultracentrifugal analysis 
before and after iodination and found to be satis- 
factory, although it is recognized, as noted previ- 
ously, that a more precise method might better 
be employed. A further consideration concerning 
the proteins studied is concerned with resultant 
daily degradation rate (100 1n2/T,). For the 
beta globulins from the serum concentration curve, 
this rate was 7.0 per cent per day and from the 
urinary excretion data (urinary excretion per day/ 
dose retained) it was 7.4 per cent per day (Figure 
4). 


lin determined 


The degradation rate for the gamma globu- 
the 
method was 11.0 per cent per day and from the 


from whole-body counter 
urinary excretion data it was 11.6 per cent per 


day (Figure 5). 
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To be of value, the whole-body in vivo gamma 
spectrometer technique results must compare fa- 
vorably with those obtained by calculation from 
serum and urinary excretion radioactivity con- 
centrations. This was demonstrated for both beta 
and gamma globulin turnovers and in a separate 
study (unpublished data) for albumin in which 
the advantages of the whole-body counting method 
were found to be: 7) elimination of serial blood 
sampling and collection of excreta for radiochemi- 
cal analyses; 2) direct determination of body con- 
tent rather than estimation by difference or ex- 
trapolation from fractional measurement; and 3) 
utilization for tracer studies of very low levels 
of an internally deposited gamma emitter over 
long periods of time. 


SUMMARY 


The turnover rates of radioactively labeled beta 
and gamma globulins in a hypergammaglobulinemic 
multiple myeloma patient were compared by the 
conventional serum and urinary excretion methods 
with those found using the im vivo whole-body 
gamma spectrometer counting method. The frac- 
tionated radioactively labeled globulins used in 
these studies were considered by free (Tiselius) 
electrophoresis and ultracentrifugal patterns to 
have an acceptable degree of homogeneity. The 
half-life for the beta globulin was 9.9 days by the 
serum concentration method, 8.7 days by the uri- 


nary excretion method and in two different stud- 
ies by the im vivo whole-body counter method, 


10.3 and 9.8 days, respectively. The half-life for 
the gamma globulin utilizing urinary data was 6.5 
days as compared to 6.3 days for the whole-body 
counter method. By the latter technique, with a 
different gamma globulin preparation, the half- 


life was 7.1 days. 
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THE PASSIVE TRANSFER OF SENSITIVITY TO ANTIGEN- 
INDUCED FEVER * 


By HOWARD M. GREY,7 WINTON BRIGGS anp RICHARD S, FARR 


(From the Department of Medicine, University of Pittsburgh School of Medicine, 
Pittsburgh, Pa.) 


(Submitted for publication October 17, 1960; accepted December 2, 1960) 


The febrile response of immunized rabbits to 
bovine serum albumin (BSA) has been shown 
to be similar in many respects to the fever ob- 
served following the injection of bacterial endo- 
toxin into normal rabbits and of old tuberculin 
into tuberculin-sensitive rabbits (1, 2). 

The similarities between fever attributed to an- 
tigen and the fever induced by endotoxin have led 
to the suggestion that endotoxin is pyrogenic be- 
cause it is itself an antigen. It has been postulated 
that sensitization to endotoxin results from the 
constant antigenic stimulus of endotoxin in the 
gram-negative intestinal bacteria. Stetson (3, 4) 
has suggested that the febrile reactions to endo- 
toxin and tuberculo-protein are both manifesta- 
tions of delayed hypersensitivity and has demon- 
strated similarities in the systemic and local skin 
reactions elicited by the two antigens. On the 
other hand, Hall and Atkins (5) found no cor- 
relation between the intensity of delayed dermal 
sensitivity and the amount of fever elicited by old 
tuberculin in tuberculin-sensitive rabbits. 

The purpose of the present investigation was to 
learn by passive transfer studies whether the fever 
produced by the injection of BSA into an im- 
munized animal was a manifestation of delayed or 
immediate type of hypersensitivity. It was postu- 
lated that febrile reactions to BSA occurring in 


normal recipients given serum from an immunized 
animal would indicate the transfer of immediate 
hypersensitivity, whereas similar reactions follow- 
ing the transfer of cells, would suggest the de- 
layed type of hypersensitivity. 


* This investigation was supported by the National 
Institute of Allergy and Infectious Diseases, Grant 
E-1513. Published in abstract form (Clin. Res. 1959, 7, 
263). 

+ Supported by National Institute of Allergy and In- 
fectious Diseases, Research Training Grant 2E-1. 

t Present address: Department of Pathology, Univer- 
sity of Pittsburgh. 


MATERIALS AND METHODS 


New Zealand white male rabbits weighing 1.8 to 3.6 
kg were employed in all experiments. Temperatures 
were recorded by placing animals in individual boxes and 
inserting rectal thermistor thermometer probes to a depth 
of 10 cm past the anal sphincter, the probes being kept 
in place throughout the entire experiment. Temperatures 
were recorded at 5 to 15 minute intervals for 4 to 7 
hours, the first hour serving to establish the baseline 
temperature for a given animal. Animals were condi- 
tioned to the temperature procedure by keeping them in 
the boxes with probes inserted for a total of 10 hours 
during the 2 days prior to an experiment. 


Antigens 


Bovine serum albumin (Armour Fraction V) was 


used as immunizing antigen throughout these experi- 
ments. An intravenous challenge dose of 2 mg BSA in 
2 ml isotonic saline was used to determine whether an 
animal was capable of giving a febrile response. When 
I™-labeled BSA (1*BSA) was used, crystalline BSA 
(Armour) was labeled by the method of Talmage, Dixon, 
Bukantz and Dammin (6). 


Immunization procedure 


Donor animals were immunized with 1-ml subcutane- 
ous injections of a saline in oil emulsion containing 25 
mg of BSA in 0.85 per cent saline, Arlecel, and Bayol 
F in 10:1:9 ratio, respectively. Donors used in serum 
transfer experiments received one such injection 17 days 
before bleeding. Donors used in cell transfer studies re- 
ceived two or three monthly injections of BSA in adju- 
vant, the last injection preceding cell transfer by 1 
month. 


Methods of transfer 


All syringes, bottles, and other instruments were heated 
at 180° C for 2 hours to render them pyrogen-free. 

1) Immune serum pool. Eleven donor animals were 
exsanguinated under sterile conditions; their blood was 
collected in separate bottles and the serum separated, 
pooled, and stored at 4° C in sterile pyrogen-free bottles. 
Antibody was measured by the ammonium sulfate salt- 
ing-out technique (7). 

2) Normal serum pool. A pool of normal rabbit se- 
rum (NRS) was prepared as above. 

3) Cells. The method described by Roberts and Dixon 
(8) was used to transfer approximately 1.2 X 10° splenic 
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TABLE I 


The effect of normal and immune serum transfer upon the febrile response of rabbits 
challenged with bovine serum albumin 


Group No. of recipients Serum transfer 
ml 
Immune serum 
472 45 

489, 490, 498 
502, 503 45 
468 60 


Normal serum 
169, 483, 492, 
499, 505, 506 45 


467, 471, 445, 
470 0 


Immune serum 
474, 485, 486, 
496 45 


Normal serum 
501, 504, 487, 
488, 484 45 


GROUP A 
IMMUNE SERA at "J" 
BSA at O HOUR 


GROUP B 
NORMAL SERA at 
BSA atO HOUR 


Lied} 
02420 


HOURS 


Fic. 1. INDIVIDUAL FEBRILE RESPONSES IN SERUM RE- 
CIPIENTS FOLLOWING CHALLENGE WITH BSA. Recipients 
from group A received 45 ml of primary anti-BSA anti- 
serum, and recipients from group B received 45 ml of 
normal rabbit 


Lt 
-2 042 +42 *2 +4 


HOURS 


serum. Time of serum transfer is indi- 
cated by arrow. Groups A and B were both challenged 


intravenously at time zero with 2 mg BSA (see Table I). 


Fever 
index 


Time of challenge 


Challenge dose after serum transfer 


2 mg BSA 


2 mg BSA 
2 mg BSA 


2 mg BSA 


No serum 
transfer 


2 mg BSA 


2 ml NaCl 
2 mg BSA 


ml NaCl 
mg BSA 


cells (—95 per cent lymphocytes) from immunized do- 
nors to normal recipients. Transfer was accomplished 
within 30 minutes of the time of death of the donor. 
Spleens from individual donors were teased apart in 7 
ml polyvinylpyrrolidone-phosphate solution! by 
means of rakes fashioned from 16 gauge nichrome wire 
gauze. The suspended cells were then injected into sev- 
eral sites in the ventral abdominal wall of the recipient 
animal. 


Fever index 
The method of squares was used in calculating the 
area under fever curves. An arbitrary fever index unit 


was adopted and is defined as a fever of 0.1° F sustained 
for 1 hour. 


RESULTS 


Immune serum transfer (Table 1). A 45 to 60 
ml aliquot of the immune serum pool was adminis- 
tered intravenously to each of 11 normal recipients. 
this immune serum as 
measured by the antigen binding capacity (ABC- 
33 at 0.2 pg *) was 8.7 pg I*BSA N per ml. Simi- 


The antibody content of 


1 Nineteen parts 3.5 per cent polyvinylpyrrolidone 
(PVP-Macrose from Schenley Laboratories, Inc.) and 
1 part 2 M phosphate buffer, pH 7.2. 

2 The minimal amount of antigen that 1 ml of undi- 
luted serum will bind when 0.2 ug I*BSA is used to test 
antigen in the ammonium s:1lfate salting-out technique (7). 
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PASSIVE TRANSFER OF ANTIGEN-INDUCED FEVER 


lar aliquots of pooled normal serum were also in- 
jected into 11 other normal rabbits. One-half, 
2, or 24 hours after transfer, seven of the im- 
mune serum recipients (group A), six of the nor- 
mal serum recipients (group B), and four previ- 
ously untreated rabbits (group C) were chal- 
lenged with BSA. Two additional groups con- 
sisting of four immune serum recipients (group 
D) and five normal serum recipients (group E) 
received: a) 2 ml of isotonic saline (without BSA) 
2 hours after serum transfer and b) 2 mg BSA 
24 to 48 hours subsequent to the saline challenge. 

As illustrated in Figure 1, five of the seven 
animals that received immune serum followed by 
BSA (group A) responded with a fever of 1° F 
or more, whereas no significant fever developed 
in the animals that received normal serum fol- 
lowed by BSA (group B). Group C (Table I) 
were normal animals that remained afebrile when 
given BSA, and represent further evidence that 
the BSA per se was not pyrogenic. 

The results obtained in the experiment  in- 
volving groups A, B and C were confirmed by ex- 
periments performed on groups D and EF. Group 
D received immune serum followed by saline and 
then, within the following 48 hours, was chal- 
lenged with BSA. It can be seen in Figure 2 
that three of the four animals in this group had 


IMMUNE SERUM oft "J" 
a= NaCl at O HOUR 


b= BSA at 24-48 hrs. 


496 


Fic. 2. INDIVIDUAL FEVER RESPONSES TO SALINE AND 
BSA AFTER PASSIVE TRANSFER OF ANTI-BSA_ SERUM. 
Arrow indicates time of transfer of 45 ml of anti-BSA 
serum to recipients from group D. Vertical line “a” indi- 
cates time of saline challenge and vertical line “b” re- 
fers to time of BSA challenge (see Table I). 


SERUM 
TRANSFERRED 


4. 
v 


HOURS 


Fic. 3. CoMPposITE GRAPH OF FEBRILE RESPONSES TO 
BSA IN SERUM RECIPIENTS. The mean febrile response 
of the 11 animals in groups A and D that received im- 
mune serum followed by BSA is shown by the open cir- 
cles. The mean febrile response of the control groups 
that received normal and immune serum followed by sa- 
line (closed circles) and normal serum followed by BSA 


(dashed lines) is also shown (see Table I). 


a febrile response of at least 1° F when challenged 
with BSA, while none of the rabbits had a febrile 
response to the previous injections of immune se- 
rum or saline. That the febrile response ob- 
served in group D was indeed dependent upon 
the injection of immune serum is supported by 
the results obtained in group E. Group E re- 
mained afebrile after the injection of BSA al- 
though group E was the same as group D, ex- 
cept that normal serum was injected instead of 
immune serum prior to the challenge with BSA 
(Table I and Figure 3). 

Immune cell transfer. 
from immune rabbits were injected into eight 
normal recipients. The recipients remained afeb- 
rile for 2 hours immediately after cell transfer. 


Splenic cell suspensions 


They also remained afebrile when challenged with 
2 mg BSA i.v., 18 hours after transfer. The mean 
maximal temperature elevation of this group was 
G2" 
elevation was 0.4° F. 


and the highest individual temperature 
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DISCUSSION 


Fever is a common manifestation of human 
diseases in which immune phenomena are thought 
to play a predominant pathogenetic role. How- 
ever, the role that circulating antibody may play 
in producing the fever associated with these im- 
munopathologic diseases of man is for the most 
part still unclear since other fever-producing 
mechanisms such as delayed type of hypersensi- 
tivity, tissue necrosis or inflammation may also be 
operative in these conditions. An exception to 
this is the demonstration by Jand] and Tomlinson 
(9) that the interaction of antibody with erythro- 
cytes can initiate the febrile response. 

In the present study, utilizing the rabbit and a 
BSA-anti-BSA system as an experimental model, 
it has been possible to produce a state of sensi- 


tivity to the pyrogenic action of a soluble antigen 


This 
is considered strong evidence that circulating an- 
tibody can play an important role in the initiation 
No evidence was obtained to indicate 


by the passive transfer of immune serum, 


of fever. 
that delayed hypersensitivity played a significant 
role in this model although it should be noted that 
the rabbit is a difficult species in which to transfer 
delayed hypersensitivity passively. The possible 
importance of delayed hypersensitivity in other 
species is indicated by the studies of Uhr and 
Brandriss in the guinea pig (10). These au- 
thors were able to produce fever in guinea pigs 
sensitized with antigen-antibody precipitates * at 
a time when there was a high degree of delayed 
type of skin reactivity without demonstrable cir- 
culating antibody being present. 

After challenge with BSA there is a lag pe- 
riod of 14 to 34 hour before the onset of fever. 
This lag period resembles that found with endo- 
toxin fever, but is longer. Only a small portion 
of this time is probably necessary for antigen- 
antibody complexes to form (11), so that it is un- 
likely that antigen-antibody interaction per se 
causes the fever. Rather, it is more probable 
that antigen-antibody interaction initiates a series 
of reactions, the end result of which is fever. 

3 Antigens used were egg albumin, tetanus toxoid, hu- 
man y-globulin and BSA. 


SUMMARY 


The relationship of delayed and immediate types 
of hypersensitivity to the febrile response produced 
by BSA in previously immunized rabbits was in- 
vestigated by means of passive transfer studies. 

The capacity to respond with fever to BSA 
was transferred to normal rabbits with large vol- 
umes of primary response antisera. 

The passive transfer of splenic cells from im- 
mune animals to normal animals did not result in 
the transfer of the capacity to respond with fever 
upon challenge with BSA. 
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In his original monograph, Wilson described 
the disease which is now named for him as “. 
familial, in the sense that frequently more than one 
member of a family is affected with it, but. . . not 
hereditary” (1). Subsequent studies (2-4) have 
indicated, however, that the disease is hereditary 
and is transmitted in autosomal recessive fashion 
by parents who never develop the illness. This 
implies both that Wilson's disease appears in 
those subjects who are homozygous for the “Wil- 
son's disease gene” and that each parent of such 
a subject must be a heterozygote who possesses 
one of these abnormal genes and one of its normal 
alleles. We have chosen to designate the geno- 
types of patients, heterozygotes, and normal indi- 
viduals, respectively, as cc, Ce, and CC. 

The patient in whom Wilson's disease is, or 
will be, clinically manifest exhibits four abnor- 
malities of copper metabolism: 7) a persistent de- 
ficiency or absence of normal ceruloplasmins, the 
blue, plasma copper-proteins (3, 5, 6); 2) an in- 
creased concentration of loosely bound, non-ceru- 
loplasmin copper in serum (6, 7) ; 3) an increased 
copper content of many organs and tissues (6, 
8-13) ; and #7) an increased excretion of copper in 

* Presented in part at the Fifty-first Annual Meeting of 
the American Society for Clinical Investigation, At- 
lantic City, N. J., May 4, 1959. This work was sup- 
ported by grants from the National Institute of Arthri- 
tis and Metabolic Diseases of the United States Public 
Health Service (A-1059), and the Life Insurance Medi- 
cal Research Fund (G-58-58). 

+ Most of this work was performed during the tenure 
of a Postdoctoral Research Fellowship, National Insti- 
tutes of Health, Bethesda, Md. 
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the urine (3, 6, 11, 14). Although the mechanism 
is only partly understood, several investigators 
(3, 11, 15, 16) believe that the first two of these 
derangements lead to the third, the pathological 
effects of which constitute Wilson's disease. 

The symptoms and physical signs of Wilson’s 
disease never develop in the heterozygotes, and it 
is even unusual for them to manifest any of these 
four abnormalities. Considering these respec- 
tively, we find that 7) of 49 parents’ of patients 
in whom serum ceruloplasmin concentrations were 
measured, directly or indirectly, only 10 showed 
a decreased concentration of this protein; 2) of 
4 parents in whom appropriate observations were 
made, only 1 showed an increased concentration 
of loosely bound, non-ceruloplasmin copper in 
serum (7); 3) there is no information concerning 
concentrations of tissue copper in parents of pa- 
tients; and 4) parents have never been shown to 
exhibit hypercupriuria (17, 19). 

Classical Mendelian concepts are not compati- 
ble with phenotypic manifestations of one reces- 
sive gene. However, recent reports indicate that 
the heterozygous carriers of some other recessive 
genes can be identified biochemically (22). Quan- 
titative or qualitative changes, or both, in the pro- 
tein whose synthesis the abnormal gene is as- 
sumed to govern may be demonstrable, as is true, 
for example, in individuals with sickle trait (23). 
Or there may be abnormal metabolism of elements 
or compounds, the usual metabolism of which is 
dependent on adequate concentrations of the nor- 


1 Thirty parents were collected from the literature 
(17-21) and 19 were included in the present study 


In our results only 1 of the 19 parents, 


(Table III). 


M. D., showed a significant decrease in ceruloplasmin. 
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mal protein (22). The work we are reporting 
suggests that measurements of the incorporation 
of a load of copper® into ceruloplasmin can pro- 
vide a fairly reliable means of distinguishing heter- 
ozygotes for the Wilson's disease gene from indi- 
viduals who are homozygous for its normal allele. 


METHODS AND MATERIALS 


Test procedure. A much lower than normal incorpora- 
tion of Cu” into ceruloplasmin has been frequently dem- 
onstrated in patients with Wilson’s disease (18, 24-28). 
Following the ingestion of cupric’ acetate (or sulfate) 
there is, within 1 to 2 hours, a sharp rise and fall in the 
serum concentration of Cu“ in all individuals. Normal 
individuals show a slow secondary rise in serum Cu™ con- 
centration (Figure 1) due to Cu“ which has been in- 
corporated ceruloplasmin, whereas patients with 
Wilson’s disease do not (Figure 2). When we found, 
by chance, that a parent of a patient with Wilson’s dis- 


into 


ease showed almost no incorporation of Cu“ into ceru- 
loplasmin, we were prompted to determine the degree of 
incorporation in other parents. In 1956, Bearn (29) sug- 
gested that a procedure similar to the one we have 
adopted might be useful in detecting heterozygous car- 
riers of the Wilson's disease gene. In 1959, both Sass- 
Kortsak, Glatt, Leeming and Muir (21) 
(30) reported preliminary results of the kind presented 


and ourselves 


here. 

The test procedure was arbitrarily standardized: A 
dose of 2.0 mg of copper as cupric™ acetate, or sulfate, 
with an activity of 0.5 to 2.0 mc, was administered in a 
cup of milk to each individual following a fast of 8 hours 
The amount of Cu” in 4.0 ml of the subject's 
serum was determined in a well-type scintillation coun- 
ter (DS-5-5, Nuclear, Chicago) 1, 2, 4, 24 and 48 hours 


or more. 


10} 


Fraction 


6: 


10 20 30 
Hours 


40 48 


Fic. 1. THE MEAN CONCENTRATIONS IN SERUM OF 
Cu™, EXPRESSED AS FRACTIONS OF THE ADMINISTERED DOSE 
PER MILLILITER, OF 19 CONTROL SUBJECTS AT VARIOUS 
TIMES AFTER THE INGESTION OF 2.0 MG OF CUPRIC™ ACE- 
TATE OR SULFATE. 
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10 20 30 40 48 
Hours 
Fic. 2. THE MEAN CONCENTRATIONS IN SERUM OF Cu%, 
EXPRESSED AS FRACTIONS OF THE ADMINISTERED DOSE PER 
MILLILITER, OF 7 PATIENTS WITH WILSON’S DISEASE AT 
VARIOUS TIMES AFTER THE INGESTION OF 2.0 MG OF CU- 
PRIC™ ACETATE OR SULFATE, 


after ingestion. Measured radioactivity was corrected 
for physical decay, using a half-life of 12.8 hours (31) 
for Cu“, and for background. The net corrected counts 
per minute per milliliter of serum were divided by the 
total number of counts per minute administered to the 
patient. These fractions, plotted against time, gave 
curves like those shown in Figures 1, 2 and 3. 

From these curves we wanted to derive a measure of 
the incorporation of Cu™ into ceruloplasmin relative to 
the amount absorbed. We chose the ratio of the serum 
concentration of Cu“ 48 hours after ingestion to this 
concentration at the initial peak. The 48-hour concen- 
tration represents essentially only Cu“ which has been 
incorporated into ceruloplasmin. This fact, demonstrated 
by other workers (18, 25, 26), was confirmed by us.? 
We have assumed the initial peak, taken as the higher of 
the 1- or 2-hour serum copper concentrations, to be a 
rough index of the amount of Cu™ absorbed from the 
gastrointestinal tract. Our measure, or test ratio, R, 
then, can be written: 

}8° 


2 Non-ceruloplasmin-bound Cu“ can be quantitatively 
and specifically removed from 4.0 ml of serum by the ad- 
dition of 4.0 ml of 0.9 per cent saline followed by 0.8 ml 
of 0.2 per cent sodium diethyldithiocarbamate (DTC) in 
saline. The copper-DTC complex is adsorbed on a col- 
umn of 100 mg of activated charcoal (Norit) suspended 
in saline. By 48 hours after ingestion of Cu“ an average 
of only 4.3 per cent of Cu* in the serum of 9 individuals 
could be removed by this technique. The Cu” remaining 
in serum is enzymatically active ceruloplasmin-copper. 
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where [Cu™] represents the Cu“ concentration of serum. 10 
Obviously, the greater the test ratio, the greater is | 
the incorporation of Cu” into ceruloplasmin relative to Fraction ag} 
the amount absorbed. f 
Total serum copper was determined, on samples taken Ps 64 
6H 


with copper-free precautions, by means of wet-ashing r 
dicyclohexanoneoxalyldihydrazone (32). Serum per ml 
ceruloplasmin concentrations (32) were measured in of 4H ws 
each individual on the first and third day of the study, Serum 
to determine if a change in the concentration of the x10® 
protein had occurred. Each subject’s blood was typed 
for the ABO, M, N, and Rh (C, D, E, c) groups. ; 
} 
Cu™. Radioactive Cu™ was supplied as a solution of 0 10. 20 30 40 48 
cupric™ acetate by Abbott Laboratories, Oak Ridge, Tenn., 
or as metallic copper“ by the Brookhaven National 
Laboratory, Upton, N. Y. Fic. 3. THE MEAN CONCENTRATIONS IN SERUM OF Cu", 
Subjects. Nineteen individuals, without family histories | EXPRESSED AS FRACTIONS OF THE ADMINISTERED DOSE PER 
of Wilson's disease, were the control subjects. From MILLILITER, OF 19 KNOWN HETEROZYGOTES (PARENTS OF 
estimates of gene frequency (3) each control subject PATIENTS WITH WILSON’S DISEASE) AT VARIOUS TIMES 
probably had less than a 1 per cent chance of being, in AFTER THE INGESTION OF 2.0 MG. OF CUPRIC™ ACETATE OR 
fact, heterozygous for the Wilson’s disease gene (Group SULFATE, 


Hours 


I). 

Seven patients with Wilson's disease were included in : 
the study and each, by definition, possessed two Wil- Forty-five relatives of patients (unaffected siblings, 
son’s disease genes (Group II). half-siblings, aunts, uncles, grandparents, cousins and 


Nineteen parents of patients with Wilson’s disease, half-nieces) (Group IV) served as subjects each with an 
whose blood groups were consistent with biological a priori probability of either 25, 50 or 66 3g per cent of 
parentage, were the test subjects who were heterozygous being heterozygous for the Wilson’s disease gene, de- 
for the Wilson’s disease gene (Group IIT). pending on the genetic model. 


TABLE I * 


Concentrations of ceruloplasmin, total copper and radioactive copper™ in the sera of 19 control subjects 


Fraction of administered dose of Cu®/ml «10° [Cus 48° 

Subject Sex Age plasmin copper 1 hr 2 hrs 4 hrs 24 hrs 48 hrs [Cus }i-2° 
mg/100 ml ml 

ims M 41 33.1 13.661 8.116 6.077 8.800 11.232 0.822 
J.M. M 23 26.9 107 13.938 14.714 8.594 VRATZ 12.302 0.836 
H.G. M 65 28.6 128 12.170 9.141 5.782 10.389 10.997 0.904 
N.D. M 49 26.6 hao 12.449 13.015 8.571 10.230 12.402 0.953 
E.D. F 45 60.1 258 12.028 9.833 4.956 10.081 12.406 1.031 
P.M. M 64 38.3 128 0.557 3.013 Liat 2.571 3.129 1.038 i. 
P.N. F 39 26.7 7.635 7.616 2.852 4.854 8.165 1.069 ‘ 
W.K. M 67 29.0 134 7.708 4,227 33532 6.895 8.473 1.099 i 
A.Mo. 47 38.2 136 15.152 14.762 7541 13.829 17.381 1.147 
J. M 42 48.9 151 7.581 8.729 4.430 8.355 10.208 1.169 
LO. F 45 53.4 12.612 16.599 8.089 14.187 21.005 1.265 
D.Wo. F 48 29.2 143 12.013 13.951 7.402 11.280 15.865 1.321 
M.W. M 64 46.9 174 3.255 3.821 2.427 5.062 6.063 1.587 
N.G. M 55 45.5 186 2.600 2.236 1.679 S53) 5.069 1.950 
J.Q. M 74 34.5 136 Ka 3.304 2.946 4.396 6.613 2.001 
Te: F 51 34.3 177 4.212 7.806 5.825 12.916 16.879 2.162 
A.M. F 69 40.5 155 2.320 2.908 2.626 5.042 6.739 Z.a19 2 
Ail. F 66 43.2 220 2.620 4.936 3.316 9.790 13.023 2.638 : 
S.F. iF 54 58.2 3.068 5.076 4.165 10.868 15.141 2.983 


Mean 39.06 157.9 
SD 10.74 39.6 


Antilog (mean log R) 1.372 an 
Antilog (mean log R + SD log R) 2.057 
Antilog (mean log R — SD log R) 0.915 


* The italicized numbers represent the peak concentrations of Cu®™ at 1 or 2 hours after feeding. 
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TABLE II * 


Concentrations of ceruloplasmin, total copper and radioactive copper™ in the sera of 7 patients with Wilson's disease 


Total 
copper 


Cerulo- 


Subject Age plasmin 


mg/100 ml 100 mi 
26 0 
25 61 
13 19.6 
16 
42 73 
22 43 74: 
24 16.5 6.370 
Antilog (mean log R) 
Antilog (mean log R + SD log R) 
Antilog (mean log R — SD log R) 


* The italicized numbers represent the peak concentrations of Cu™ at 1 or 2 hours after feeding. 


RESULTS 


Tables I, II, III and IV list the values meas- 
ured in the individuals of the various groups, and 
the calculated test ratios. Ceruloplasmin con- 
centrations are mean values of the determinations 
made on the first and third days of the experiment, 
the differences between which were never greater 


than the approximately 10 per cent difference be- 


TABLE 


[Cus }s8° 
2 hrs 24 hrs 48 hrs [Cu }i-° 


1.681 
1.996 
3.189 
3.036 
3.195 
1.178 
1.721 


0.100 
0.122 
0.161 
0.175 
0.175 
0.263 
0.270 


0.171 
0.247 
0.055 


2.427 
3.285 
4.181 
2.888 
5.088 
1.727 
1,398 


10.527 
9.677 
13.446 
10.595 
10.644 
5.541 
4.824 


16.874 
16.417 
19.821 
8.036 
18.224 
4.487 
8.572 


tween duplicate determinations. Copper concen- 
trations are means of triplicate measurements made 
on the first day. 

The values for the concentrations of serum ceru- 
loplasmin and copper for the control subjects 
(Group I), are somewhat higher than normal 
values. Concentrations of these substances are 
known to be elevated in a variety of clinical con- 
ditions (33), and, since these subjects were almost 


* 


Concentrations of ceruloplasmin, total copper and radioactive copper™ in the sera of 19 parents 


Total 
copper 


Cerulo- 
plasmin 


Subject 
me/100 ml ye/100 ml 

116 

34.1 127 

23.8 116 

39.5 138 

98 

110 


6.860 
4.457 
9.044 


105.6 
24.4 


Antilog (mean log R) 
Antilog (mean log R + SD log R) 
Antilog (mean log R — SD log R) 


of patients with Wilson's disease 


Fraction of administered dose of Cu®/ml 106 


[Cu®4 
[Cus 


2 hrs 4 hrs 24 hrs 48 hrs 


0.100 
0.340 
0.344 
0.352 
0.385 
0.435 
0.499 
0.507 
0.528 
0.531 
0.564 
0.565 
0.626 
0.630 
0.702 
0.809 
0.857 
0.873 
1.083 


1.474 
4.102 
2.941 
4.758 
3.063 
4.366 
5.690 
5.466 
2.290 
3.499 
3.403 
7.123 
5.306 
7.806 
7.718 
9.952 
6.770 
5.764 
15.123 


1.549 
3.004 
2.613 
3.439 
2.242 
3,532 
6.860 
3.756 
1.330 
2.557 
2.502 
5.013 
4.330 
5.608 
5.805 
7.420 
5.626 
4.177 
11.656 


5.062 
3.923 
2.043 
3.560 
3.502 
3.495 
2.076 
6.084 
1.924 
2.451 
3.332 
4.038 
3.681 
8.181 
3.688 
5.191 
3.155 
2.953 
9.139 


14.671 
12.051 
5.365 
8.675 
7.959 
10.028 
8.855 


13.958 


* The italicized numbers represent the peak concentrations of Cu® at 1 or 2 hours after feeding. 


— 
9.523 
7.557 
8.553 
13.506 
6.394 
8.052 
M.D. M 69 9.5 52.4 11.400 
Es.Ga. 43 26.3 8.190 10.789 
M.Si. 50.23.0134 2.989 4.335 
at M.Sm. F 39 19.2 80 6.594 5.373 eee 
H.Mo. F 51 29.2 80 5.897 6.031 
G.K. M 57 283 104 8.651 12.613 
at W.Sm. M 51 27.3 104 5.685 8.472 me 
L.St. F 45 24.4 111 7.314 12.394 
R.Y. M 7021.0 74.2 10.998 5.927 
ae Er. Ga. M 58 33.3 142 123 8.780 
pen H.B. M 50 32.5 137 7.905 ih 
M.Y. 58 29.3 97 6.602 
E.W. F 47 21.0 83 
SD 6.5 
0.510 
0.852 
0.305 

: 
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TABLE Iv * 


Concentrations of ceruloplasmin, total copper and radioactive copper™ in the sera of asymptomatic relatives 
(exclusive of parents) of patients with Wilson’s disease (HLD) 


Fraction of administered dose of Cu®/ml 10° [Cu® 48° 
Cerulo- Total —- 
Subject Se) Age plasmin copper 1 hr 2 hrs 4 hrs 24 hrs 48 hrs [Cu®}!-2° 


mg/100 ml pg/100 ml 
Unaffected siblings 
0.718 
1.690 
2.739 
1.367 
2.595 
4.060 
5.370 
5.210 
6.439 
7.207 
4.000 
8.194 
10.260 


6.685 
2.401 
6.805 
5.035 
8.223 
10.672 
7.990 
8.886 
11.174 
10.606 
4.419 
8.980 
6.646 


Gi OD We 


Half-siblings 


M.DP. 12.803 18.169 93: 11.332 14.516 
P.A. F 2 x 7.296 9,192 : 7.805 10.480 
C.Sm. M 3.508 3.929 4.446 5.654 


Aunts and uncles of HLD patients 


8.018 
J.Q.Sr. 9.158 
L.Sm.Sr. 15,346 
E.Ro. 5. 5.425 
St.Q. } 25; 8.531 
F.Q. 11.492 


Cousins of HLD patients 


N.Mo. 5 10.768 
T.Mo. I 7.988 
C.Mo.Jr. 7.319 
Sa.Q. 10.570 
12.242 
P.Mo.Jr. ] 14.614 
M.Ro. 2 8.040 
D.Mo. ] 2 30. 7.599 
M.Q. 71. 9.485 


Half-nieces of HLD patients 


ME.DP. 9 10.698 16.045 
CDP. F 7 16.089 12.084 


Grandparents of HLD patients 


F 3. Aik 11.865 
F 3. ; 2 3.3 4.387 
M K 30. 5.424 
F . 5. 8.618 


* The italicized numbers represent the peak concentrations of Cu at 1 or 2 hours after feeding. 
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0.107 
0.174 
0.236 
0.271 
0.315 
0.347 
0.388 
0.430 
0.576 
0.679 
0.905 
0.912 
1.544 
— 
0.799 
1.140 
1.439 
ae 
7.927 3.667 0.825 0.116 0.143 
12.700 6.355 3.657 3.992 0.314 
8.650 3.095 2.007 3.058 0.327 
5.682 2.684 4.107 4.144 0.452 
ae 10.292 6.484 7.975 8.641 0.563 
6.531 3.055 3.083 4.488 0.768 
7.607 4.793 6.636 8.198 0.696 
- 14.650 7.863 9.632 12.594 0.859 
7.208 5.487 10.189 11.593 1.009 
11.763 8.936 13.380 16.195 ‘1.377 
6.228 4.384 8.560 11.235 1.804 
12.768 4.443 2.118 2.946 0.231 
9.465 3.380 2.220 0.235 
13.566 5.899 2.426 3.704 0.273 
9.271 4.666 3.695 4.803 0.454 
a 9.401 5.775 3.347 5.823 0.475 a 
11.176 5.325 4.875 7.011 0.480 
9.140 4.974 3.755 4.936 0.540 
12.913 6.149 8.355 9.570 0.741 
12.427 6.232 7.638 10.535 0.848 
6.978 6.814 7.300 8.250 1.182 
6.808 13.866 21.111 1.312 
a 
E.O'N. 0.896 
G.W. 1.090 
W.J.W. 1.125 
“ E.S. 1.206 
J.O'N. 1.295 
E.Q. 1.450 
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{J Control Subjects 


2.70- 2.85- 


1-2° 
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THE DISTRIBUTION OF TEST RATIOS IN 19 CONTROL SUBJECTS AND 19 


HETEROZYGOTES. 


all hospitalized patients, it is likely that such non- 
specific elevations account for the high values 
found. 

In all control subjects, for each sampling time, 
the mean fraction of the administered dose of Cu® 
present in 1 ml of serum was calculated from the 
individual determinations. A curve through these 
five means, observed at 1, 2, 4, 24 and 48 hours 
after administration of Cu, is shown in Figure 1. 
Similarly computed curves are given for the pa- 
tients (Group II) and heterozygotes (Group III) 
in Figures 2 and 3, respectively. No “mean 
curve” was made for Group IV because of the 
heterogeneity of this group. 


DISCUSSION 


A. Differentiation of the genotypes cc, Cc and 
CC. The subject, cc, who inherits two Wilson’s 
disease genes can almost always be detected when 
first seen by the physician (16). He may already 
have developed the hepatic or neurologic findings 
and Kayser-Fleischer rings which are character- 
istic of Wilson’s disease. If so, one can be certain 
of the diagnosis without even determining if other 
clinical or biochemical characteristics of the dis- 
ease are present. However, if the subject is 
asvimptomatic, the demonstration of 7) a serum 
concentration of normal ceruloplasmins which is 
persistently less than 15 mg per 100 ml (5, 34, 
35); 2) more than 30 yg of non-ceruloplasmin 
copper per 100 ml of serum (6, 7); 3) a concen- 
tration of hepatic copper of more than 150 pg per g 
of dry liver (12); or 4) the urinary excretion of 
more than 100 pg of copper in 24 hours (3, 6, 11, 
14, 33) makes it highly probable that he has Wil- 


son’s disease which will eventually be manifest 
clinically. 

The sensitivity and specificity of our test in 
distinguishing the heterozygote, Cc, from the 
homozygously normal individual, CC, was esti- 
test ratios of Group I 
Group III 


mated by comparing the 
(control with 
(heterozygotes). It was apparent from inspec- 
tion that the values of R in the control subjects 
were not normally distributed (Figure 4). How- 
ever, log R may be normally distributed, judging 


subjects ) those of 


from our sample, giving equal variance for the 
distribution in both heterozygous and_ control 
groups. Table I shows that antilog (mean log R ) 
= 1.372 and gives the standard deviation for this 
geometric mean in the 19 control subjects. Table 
III gives antilog (mean log R) = 0.510 for the 
19 heterozygotes. Statistical analysis (36), ap- 
plied to the values for log R, indicates that if an 
individual has an R (not log R) of less than 0.559 
he is probably a heterozygote since, with 99 per 
cent confidence, 10 per cent or less of all homozy- 
gously normal individuals have ratios of less than 
0.559. If an individual has R greater than 1.253 
he is probably homozygously normal since 10 per 
cent or less of the heterozygote population has 
ratios greater than 1.253, with 99 per cent cer- 
tainty. If R falls between 0.559 and 1.253 the 
individual cannot be classified by this test, since 
there is too large a risk of error. 

The results of the test we have described must 
obviously be dependent, to some extent at least, 
on the concentration of ceruloplasmin in the sub- 
ject’s serum. Two questions may, therefore, be 
asked: 1) how closely are the serum ceruloplasmin 
concentration and R correlated; and 2) does the 
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ratio discriminate better between heterozygotes 
and homozygously normal individuals than the 
ceruloplasmin concentration? To answer these 
questions correlation coefficients were calculated 
for ceruloplasmin concentration, and log R, for 
Groups I and III and found to be 0.42 and — 0.04, 
respectively. Neither of these is significantly 
different from zero. A plot of the concentration 
of ceruloplasmin versus log R for the individuals 
in Group IV, however, suggested a positive cor- 
relation, and a correlation coefficient of 0.62, sig- 
nificantly different from zero, was calculated for 
the combined data of Groups I, III and IV. 
Consequently, the measurements of ceruloplasmin 
concentration were analyzed by the same statisti- 
cal methods used for log R to determine how well 
these concentrations could differentiate heterozy- 
gous from normal individuals. The results were 
as follows: if a healthy individual has a cerulo- 
plasmin concentration of less than 21.7 mg_ per 
100 ml he is probably a heterozygote (if, of course, 
he is not homozygously abnormal, cc) since, with 
99 per cent certainty, 10 per cent or less of the 
normal population has a concentration of below 
21.7 mg per 100 ml. If a healthy individual has 
a ceruloplasmin concentration of more than 43.2 
mg per 100 ml he is probably homozygously nor- 
mal, since with 99 per cent certainty, 10 per cent 
or less of the heterozygote population has a meas- 
urement of above 43.2 mg per 100 ml. 

Using both the ratio and the ceruloplasmin 
concentration, we classified 45 asymptomatic 
members of families in which at least one case of 
Wilson's disease existed (Table IV). By means 
of the ratio, 26 of these 45 individuals could be 
classified with 99 per cent confidence : 19 heterozy- 
gotes and 7 homozygously normal individuals. 
Nineteen could not be put into either group with 


By means of serum ceruloplasmin 


confidence. 
concentrations, however, only 14 of these 45 indi- 
viduals could be classified with the same degree 
of confidence: all 14 were classified heterozygotes, 
13 of whom were so classified by the ratio. We 
concluded, therefore, that the ratio is a more sen- 
sitive criterion by which to classify individuals 
than the concentration of serum ceruloplasmin. 
Of what clinical value is this test? It may be 
useful in determining whether parents, one of 
whom is known to be a relative of a patient with 
Wilson’s disease, may be capable of producing 
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offspring in whom Wilson’s disease can develop. 
Where the results of the test are reasonably 
both 
considerable confidence 


conclusive as defined above, in 
there concern- 
ing the genotypes of their children. For ex- 
ample, if an individual and his mate are both 
found to have test ratios of less than 0.559, then 
the probability that both are normal is 0.01, or 
less. If both are, in fact, heterozygotes, each 
child has one chance in four of being homozygous 
for the Wilson’s disease gene and developing Wil- 
son’s disease, two chances in four of being a 
heterozygous carrier, and one chance in four of 
being homozygously normal. 


parents, 
can be 


This test cannot distinguish the heterozygous 
individual for the Wilson’s disease gene from the 
homozygous patient because of considerable over- 
lap in the test ratios of the two groups (Tables 
Il and III). 
not difficult to make on other grounds, as already 
discussed. Occasionally a heterozygous individual 


But such a distinction is generally 


like M.D., whose serum concentration of cerulo- 
plasmin is as low as that of a patient with Wilson’s 
disease, will be seen in early life (34, 37). In 
such a case measurements of cupriuria, and of the 
serum concentration of non-ceruloplasmin copper, 
and analysis of a biopsy specimen of liver for cop- 
per may be the only ways to determine whether 
he is heterozygous or homozygous for the Wilson’s 
disease gene (12). The distinction is not aca- 
demic since, in the latter case, he should almost 
certainly receive treatment (37). 

B. Physiological chemistry. In addition to the 
four abnormalities in copper metabolism associ- 
ated with the homozygous state for the Wilson’s 
disease gene, patients with this disease also ex- 
hibit an almost complete absence of incorporation 
of radioactive Cu® into ceruloplasmin (Table I1) 
(18, 25-28). This must be largely a consequence 
of their marked deficiency of ceruloplasmin. But 
diminished incorporation is not necessarily due 
only to deficiency of ceruloplasmin, since the test 
described in this paper shows that heterozygotes, 
who generally have a normal concentration of 
ceruloplasmin, nevertheless have a diminished 
incorporation of ingested Cu into the protein. 

Three mechanisms could account for these ob- 
servations in heterozygotes. First, increased cop- 
per stores might dilute the Cu%* and lower the 
specific activity of the copper incorporated into 
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ceruloplasmin. Unfortunately, there are no data 
concerning the concentration of tissue copper in 
heterozygotes. 

Second, if radioactive Cu" is incorporated in 
vivo into already synthesized ceruloplasmin by 
exchange with ceruloplasmin copper, a diminished 
rate of exchange would lead to a diminished in- 
corporation of 
demonstrated in vitro (32), but it has never been 


Such exchange has been 
shown to occur in vivo, Furthermore, what evi- 
dence there is suggests that in vivo exchange does 
not occur (38), so that incorporation of copper 
probably occurs only when ceruloplasmin is syn- 
thesized. 

Third, the hereditary deficiency of ceruloplasmin 
found in patients with Wilson’s disease is very 
probably due to a lowered synthetic rate of the 
protein (39). In the heterozygotes, however, the 
synthesis of ceruloplasmin is not likely to be sig- 
nificantly impaired quantitatively because of their 
unusually normal concentration of the protein, 
unless a longer than normal half-life of the pro- 
tein is combined with a diminished synthetic rate. 
It is difficult to conceive of a heterozygote syn- 
thesizing and destroying normal ceruloplasmin at 
diminished rates, both of which would be neces- 
sary, in the absence of other factors, to produce a 
normal concentration of the protein and a dimin- 
ished rate of Cu®* incorporation into it. A simul- 
taneous decrease in both rates is perhaps easier 
to imagine if the Wilson’s disease gene directs 
the synthesis of an abnormal ceruloplasmin, since 
there is cogent evidence that abnormal hemoglo- 
bins are synthesized, if not destroyed, more 
slowly than the normal protein (40), and several 
varieties of human ceruloplasmin have already 
heen described (41). But in the absence of gene 
interaction such a mechanism would be difficult 
to reconcile with the marked deficiency of cerulo- 
plasmin exhibited by the homozygote, cc. 

Clearly there is, as yet, insufficient evidence to 
decide if any, or a combination, of these mecha- 
nisms is the basis for the lowered incorporation of 
The 


observation itself, however, seems to provide an- 


Cu®* into ceruloplasmin by heterozygotes. 


other instance wherein the presence of a single 
gene may be manifest biochemically. 


SUMMARY 


1. A quantitative measure of the incorporation 
of Cu®* into the plasma copper-protein, cerulo- 
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plasmin, is the ratio of the concentration of Cu 
in serum at 48 hours, to that at 1 or 2 hours, after 
oral ingestion of 2 mg of copper". 

2. In 19 control subjects (homozygous for a 
normal gene, C), 7 patients with Wilson’s dis- 
ease (homozygous for an abnormal gene, c), and 
19 parents of such patients (heterozygous for 
each gene, Cc), the geometric means of these 
ratios were, respectively, 1.372, 0.171 and 0.510. 

3. Statistical analysis of these results indicates 
that this ratio is a fairly reliable means of distin- 
guishing the heterozygous carrier of the Wilson’s 
disease gene, c, from the individual who is homozy- 
gous for its normal allele, C. 


ACKNOWLEDGMENTS 


We thank Dr. Philip Levine, Ortho Research Founda- 
tion, for determining the blood types on all subjects. 
We are indebted to Drs. Norman Ertel and Winfrey 
Goldman as well as to Miss Donna Pusateri for obtain- 
ing blood samples, and to Sister Mary Mechtilde, Ad- 
ministrator, for putting the facilities of Kenmore Mercy 
Hospital at our disposal. Dr. John W. Fertig gave gen- 
erously of his time and advice in the statistical analysis 
of our results. 


REFERENCES 
. Wilson, S. A. K. 


Progressive lenticular degenera- 
tion; a familial nervous disease associated with 
cirrhosis of the liver. Brain 1911-1912, 34, 295. 

. Hall, H. C. La Dégénérescence Hépato-lenticulaire ; 
Maladie de Wilson, Pseudo-sclérose. Paris, Mas- 
son, 1921. 

3earn, A. G. Genetic and biochemical aspects of 
Wilson’s disease. Amer. J. Med. 1953, 15, 442. 

. Bearn, A. G. Genetical studies on 32 patients with 
Wilson’s disease. Ann. hum. Genet. 1960, 24, 33. 

. Scheinberg, I. H., and Gitlin, D. Deficiency of 
ceruloplasmin in patients with hepatolenticular de- 
generation (Wilson's disease). Science 1952, 116, 

484. 

. Cartwright, G. E., Hodges, R. E., Gubler, C. J., 
Mahoney, J. P., Daum, K., Wintrobe, M. M., and 
Bean, W. B. XIII. 
Hepatolenticular Invest. 
1954, 33, 1487. 

. Cartwright, G. E., Markowitz, H., Shields, G. S., 
and Wintrobe, M. M. Studies on copper metabo- 
lism. XXIX. A critical analysis of serum, copper 
and ceruloplasmin concentrations in normal sub- 
jects, patients with Wilson's disease and relatives 
of patients with Wilson's disease. Amer. J. Med. 
1960, 28, 555. 

. Haurowitz, F. Uber eine Anomalie des Kupferstoff- 
wechsels. Hoppe-Seylers Z. physiol. Chem. 1930, 
190, 72. 


Studies on copper metabolism. 


degeneration. J. clin. 


‘ 
: 

ite 

1 

3 

4 

‘ 

) 

7 

HAS 

Q 

i 
; 


HETEROZYGOUS CARRIER OF WILSON’S DISEASE 


Uber die hepato-lentikulare Degeneration 
Dtsch. Z. Nerven- 


9. Liithy, F. 
(Wilson-Westphal-Strumpell). 
heilk. 1931-32, 123, 101. 

. Glazebrook, A. J. Wilson’s disease. 
1945, 52, 83. 

. Bickel, H., Neale, F. C., and Hall, G. A clinical 
and biochemical study of hepatolenticular degenera- 
tion (Wilson's disease). Quart. J. Med. 1957, 26, 
527. 


Edinb. med. J. 


H., and Sternlieb, I. The liver in 
Wilson’s disease. Gastroenterology 1959, 37, 550. 

. Cumings, J. N. Heavy Metals and the Brain. 
Springfield, Ill., Charles C Thomas, 1959. 

. Mandelbrote, B. M., Stanier, M. W., Thompson, 
R. H. S., and Thruston, M. N. Studies on copper 
metabolism in demyelinating diseases of the cen- 
tral nervous system. Brain 1948, 71, 212. 

. Walshe, J. M. Current views on the pathogenesis and 
treatment of Wilson’s disease. A. M. A. Arch. 
intern. Med. 1959, 103, 155. 

. Scheinberg, I. H., and Sternlieb, I. The pathogene- 
sis and clinical significance of the liver disease in 
hepatolenticular degeneration (Wilson's disease). 
Med. Clin. N. Amer. 1960, 44, 665. 

. Heuyer, G., Baudoin, A., Azima, H., Faure, H., 
Jérome, H., and Schmitt, H. A propos de la 
maladie de Wilson. (Investigations généalogi- 
ques, cliniques, métaboliques portant sur 60 mem- 
bres d'une famille.) Rev. neurol. 1953, 89, 165. 


. Scheinberg, I. 


. Jensen, W. N., and Kamin, H. Copper transport and 


excretion in normal subjects and in patients with 
Laennec’s cirrhosis and Wilson’s disease: A study 
with Cu”. J. Lab. clin. Med. 1957, 49, 200. 

. Neale, F. C., and Fischer-Williams, M. Copper 
metabolism in normal adults and in clinically 
normal relatives of patients with Wilson’s dis- 
ease. J. clin. Path. 1958, 11, 441. 

. de Grouchy, J. Electrophorése de sérums humains a 
travers gel d’amidon et identification de la céru- 
loplasmine, chez de sujets normaux ainsi que chez 
des sujets homozygotes et hétérozygotes pour le 
gene de la maladie de Wilson. Rev. franc. Et. 
clin. biol. 1958, 3, 621. 

. Sass-Kortsak, A., Glatt, B. S., Leeming, J. M., and 
Muir, F. A. A study of heterozygosity in Wilson’s 
disease (abstract). A. M. A. J. Dis. Child. 1959, 
98, 631. 

. Hsia, D. Y-Y. Medical genetics. 
1960, 262, 1172. 

. Pauling, L., Itano, H. A., Singer, S. J., and Wells, 
I. C. Sickle cell anemia, a molecular disease. 
Science 1949, 110, 543. 

. Earl, C. J., Moulton, M. J., and Selverstone, B. 
Metabolism of copper in Wilson's disease and in 
normal subjects. Studies with Cu-64. Amer. J. 
Med. 1954, 17, 205. 

. Bearn, A. G., and Kunkel, H. G. 
in Wilson’s disease using Cu™. 


1955, 45, 623. 


New Engl. J. Med. 


Metabolic studies 
J. Lab. clin. Med. 


26. 


Bush, J. A., Mahoney, J. P., Markowitz, H., Gubler, 
C. J., Cartwright, G. E., and Wintrobe, M. M. 
Studies on copper metabolism. XVI. Radioactive 
copper studies in normal subjects and in patients 
with hepatolenticular degeneration. J. clin. Invest. 


1955, 34, 1766. 


. Sternlieb, I., Morell, A. G., and Scheinberg, I. H. 


. Bearn, A. G. 


. Sternlieb, I., Morell, A. 


The effect of intravenously administered cerulo- 
plasmin on copper absorption in a patient with 
Wilson’s disease (abstract). J. clin. Invest. 1958, 
37, 934. 

Sass-Kortsak, A., Cherniak, M., Geiger, D. W., and 
Slater, R. J. Observations on ceruloplasmin in 
Wilson's disease. J. clin. Invest. 1959, 38, 1672. 

Wilson’s disease: Is the primary in- 

herited defect one of copper or amino acid metab- 

In Proceedings of the First International 

Copenhagen, 1956, 


olism ? 
Congress of Human Genetics. 
part IV, p. 177. 

G., and Scheinberg, I. H. 
Detection of the heterozygous carrier of the Wil- 
son’s disease gene (abstract). J. clin. Invest. 
1959, 38, 1046. 


. Way, K., King, R. W., McGinnis, C. L., ana van 


. Scheinberg, I. H., and Morell, A. G. 


3. Scheinberg, I. H., and Sternlieb, I. 


Lieshout, R. Nuclear level schemes. A = 40— 
A=92. Washington, D. C., National Academy of 
Sciences, National Research Council, 1955. 
Exchange of 
ceruloplasmin copper with ionic Cu” with refer- 
ence to Wilson's disease. J. clin. Invest. 1957, 36, 
1193. 

Copper metabo- 


lism. Pharmacol. Rev. 1960, 12, 355. 


. Aisen, P., Schorr, J. B., Morell, A. G., Gold, R. Z., 


. Ravin, H. A. 


. Dixon, W. J., and Massey, F. J. 


. Scheinberg, I. H., and Sternlieb, I. 


and Scheinberg, I. H. A rapid screening test for 
deficiency of plasma ceruloplasmin and its value 
in the diagnosis of Wilson’s disease. Amer. J. 
Med. 1960, 28, 550. 

Rapid test for hepatolenticular de- 
generation. Lancet 1956, I, 726. 

Introduction to 
Statistical Analysis, 2nd ed. New York, McGraw- 
Hill, 1957, chapters 9 and 10. 

The long term 
hepatolenticular degeneration 


Amer. J. Med. 1960, 29, 316. 


management of 
(Wilson's disease). 


. Sternlieb, I., Tucker, W. D., Greene, M. W., Morell, 


A. G., and Scheinberg, I. H. Studies with Cu” 
labeled ceruloplasmin. Clin. Res. 1960, 8, 372. 


. Scheinberg, I. H., Harris, R. S., Morell, A. G., and 


. Ingram, V. M., and Stretton, A. O. M. 


. Morell, A. G., and Scheinberg, I. H. 


Some aspects of the relation of ceru- 
Neurology 1958, 


Dubin, D. 
loplasmin to Wilson’s disease. 
8, suppl. 1, 44. 

Genetic 
basis of the thalassaemia diseases. Nature (Lond.) 
1959, 184, 1903. 

Heterogeneity 


of human ceruloplasmin. Science 1960, 131, 930. 


: 
= 
12 
13 28. 
14 
29 
15 
30 
j 16 
17 : 
32 
1¢ 
35 
36 
37 
4 
22 
23 
24 
2 
40 
25 
41 


ON THE IMPAIRMENT OF RENAL CONCENTRATING ABILITY 
IN PROLONGED HYPERCALCEMIA AND HYPERCAL-— 
CIURIA IN MAN * 


By JOHN R. GILL, Jr. ano FREDERIC C. BARTTER 


(From the Section on Clinical Endocrinology, National Heart Institute, National Institutes of 
Health, Bethesda, Md.) 
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Sustained hypercalcemia hypercalciuria 
lead to failure of the renal concentrating process. 
The nature of the changes within the kidney and 
the manner in which these changes impair concen- 
tration of the urine have not been well explained. 
Recent studies suggest that a decrease in concen- 
trating ability may occur without destruction of 
renal architecture or loss of nephrons (1). Fur- 
ther, the hyposthenuria accompanying hyperpara- 
thyroidism may improve following correction of 
the abnormal calcium metabolism (2). The pres- 
ent studies were designed to clarify the mecha- 
nism whereby an excess of calcium in body fluids 
interferes with the production of a hypertonic 
urine. 


METHODS 


The subjects of this study were six patients, ranging 
in age from 26 to 52 years, with hypercalciuria, hyper- 
calcemia or both, associated with one of the following 
“hyperabsorption hypercalciuria” (we have 
used this term to describe patients who show hypercal- 


conditions : 


ciuria preventable by restriction of calcium intake and 
agents, i.e., sodium ver- 
senate) ; idiopathic hypercalciuria (L.M.), hypercalciuria 


ingestion of calcium-binding 
with sarcoidosis (M.E.) ; hypoparathyroidism overtreated 
with vitamin D (M.H., H.E.) ; and hyperparathyroidism 
(L.W. and E.H.). L.M., E.H. and L.W. gave a his- 
tory of passing renal calculi. Diets contained 35 to 70 g 
of protein a day; calcium intake was varied according to 
the needs of the study. Except for brief periods of salt 
restriction, sodium intake was ad Iihitum. 

For 18 to 30 hours prior to the period of study, the 
patients received no liquids and were given a dry diet 
All observations were made in 
the fasting state in the morning. A priming dose of 100 


containing 50 g protein. 


mU of Pitressin, Parke-Davis (vasopressin) was given 
intravenously, followed by a sustaining dose of 200 mU 
per hour in physiological saline, delivered at a rate of 1 
ml per minute. The sustaining infusion was delivered 
with a Bowman constant infusion pump so as to main- 


* Presented in part at the Southern Section Meeting of 


the American Federation for Clinical Research, January, 
1959, New Orleans, La. 


tain a maximal urinary osmolality (Umax). Urine for 
measurement of osmolality and total solutes was col- 
lected by indwelling bladder catheter, with air washes, 
at 10-minute intervals for five consecutive periods. Ve- 
nous blood was obtained through an indwelling Cour- 
nand needle. Osmotic diuresis was then produced by in- 
fusing, at a rate of 18 ml per minute, a solution of 10 per 
cent mannitol containing vasopressin in a concentration 
sufficient to deliver 200 mU per hour. Glomerular fil- 
tration rate (GFR) was measured by inulin clearance. 
Inulin was determined by the method of Walser, David- 
son and Orloff (3); osmolality of serum and urine by 
Bowman osmometer (4); and serum and urine calcium 
by flame photometer. The quantity of solute-free water 
(T°H,O) absorbed in the concentrating process was 
computed from the formula: 


= 


from data obtained during the osmotic diuresis (5). 
For purposes of comparison, the values of T°H.O at 
osmolar clearance of 15 ml per minute were used, and 
these are the values appearing on the charts. 


RESULTS 


I. Effect of increased urinary calcium on the 
concentrating mechanism. To determine the ef- 
fects of increased renal calcium excretion over a 
period of time, two patients with hyperabsorption 
hypercalciuria were studied in three states. 

1) After a low calcium intake had produced and 
maintained for a long period normal levels of se- 
rum and urinary calcium, control values (Figure 
1A) were obtained. 

2) After 2 weeks of hypercalciuria (urinary cal- 
cium, about 300 mg per day) without hypercalce- 
mia (serum calcium ranged from 9.2 to 9.9 mg 
per 100 ml in L.M. and from 8.8. to 10.4 mg per 
100 ml in M.E.) produced with a calcium intake 
of 1.2 g per day, a second set of values (Figure 
1B) was obtained: Uyax and TSH,O were mark- 


edly depressed. 


716 


4 
= 
b> 
\ 
= 
= 
: 


PROLONGED HYPERCALCEMIA AND HYPERCALCIURIA IN MAN 


3) After 3 weeks or more of treatment with low 
calcium intake and disodium versenate, 4 g per 
day (all urinary calcium determinations below 
200 mg per day), a third set of values (Figure 
1C) was obtained: Umax and T°H,O had returned 
to control values. GFR was not affected, and 


solute excretion (before mannitol) was not in- 
creased by these procedures (Figure 1). 

In both patients, sodium deprivation was pro- 
duced by a mercurial diuretic (Thiomerin) and 
a sodium intake of 9 mEq per day for 6 days at 
the time concentrating power was impaired. In 
each patient (L.M. and M.E., Table 1) urinary 
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ME MALE AGE 22 © 
LM FEMALE AGE 42 @ A B c 
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mo % 


mOsm/L 


To, at Cosm 
of mi/min 
mi/min 
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yOsm/min 


CiNULIN 


mi/min 


Fic. 1. SERUM AND URINARY CALCIUM, MAXIMAL URI- 
NARY OSMOLALITY, T°H,O, soLUTE OUTPUT AND INULIN 
CLEARANCE IN TWO SUBJECTS WITH HYPERABSORPTION 
HYPERCALCIURIA: A) DURING THERAPY; B) AFTER TWO 
WEEKS OF HIGH CALCIUM INTAKE; AND C) AFTER RE- 
SUMPTION OF TREATMENT FOR THREE WEEKS. Note de- 
pression of concentrating ability with calcium feeding 
and recovery with treatment. “Normal” T°H,O values 
in B are clearly below normal for these subjects. Fig- 
ures for solute output are averages of 4 to 7 values 
obtained before mannitol was given. Figures for Cinuiin 
are means of 4 to 7 periods. Figures for serum and 
urinary calcium are those obtained the day before or 
day of the test. 
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MAXIMAL URINARY OSMOLALITY, T°H,O, 
UTE OUTPUT AND CLEARANCE IN SIX SUBJECTS 
BEFORE AND AFTER RECOVERY. Note that improvement of 
the concentrating defect is independent of GFR and sol- 
Solute output and GFR are averages of 4 


Fic. 2. 


INULIN 


ute output. 
to 7 periods. 


sodium was less than 4 mEq per day by the fourth 
day. These findings suggest that an increased 
renal excretion of calcium without accompanying 
hypercalcemia may lower maximal urinary osmo- 
lality and T¢H,O without affecting GFR or in- 
creasing solute excretion. Further, this impair- 
ment of the concentrating process may be reversed 
by correcting the hypercalciuria. 

II. Effect of large doses of vitamin D on the 
concentrating mechanism. <A patient with hypo- 
parathyroidism (Table II, M.H., 4-17-58), treated 
with large doses of vitamin D for 16 days, de- 
veloped hypercalcemia. Urinary calcium averaged 
281 mg per day. Maximal urinary concentration 
was 375 mOsm per L and T'H,O was — 0.5 ml 
per minute.t Five weeks after vitamin D had been 
stopped, (Table II, M.H., 5-19-58) serum and uri- 
nary calcium were normal and maximal osmolality 
and T*H,O were markedly improved (838 mOsm 
per L and 5.2 ml per minute, respectively); GFR 
was lower, and solute excretion was greater at 
that time. 

A second patient (H.E., Table II), with hypo- 
parathyroidism was given large doses of vitamin 


frequently found despite maximal “basal” urine osmolality 
above that of serum (vide infra). 
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Response to sodium deprivation 


Patient 


Serum Ca 
Na mEq/L 
Urine Ca mg/day 
‘a mEq/day 


Serum Ca mg“; 
Na mEq/L 
Urine Ca mg/day 
‘a mEq/day 


Serum Ca mg % 
Na mEq/L 
Urine Ca mg/day 
mEq/day 
Serum 
mEq/L 
mg/day 
mEq/day 


Urine 


Serum Ca mg 

va mEq/L 
mg/day 
mEq/day 


Urine 


Serum Ca mg; 
Na mEq/L 
Urine Ca mg/day 
Na mEq/day 


*9 mEq sodium intake. 
t Thiomerin 2 ml, i.m. 
t Desoxycorticosterone acetate, 15 mg, i.m. 


1) after control maximal osmolality and T¢H,O 
Both T¢H,O 
and Uyax fell significantly in 2 weeks (Table IT, 
12-1-58). Both urinary and serum calcium were 
elevated. Vitamin D was continued, but calcium 
intake was decreased to 200 mg per day, and di- 
sodium versenate, 4 g per day, and neutral phos- 


determinations had been obtained. 


phate, 8 g per day, were given. Hypercalciuria 
was corrected, but hypercalcemia persisted. TSH,O 
was 0.5 ml per minute, and Umax was 350 mOsm 
per L (Table II, 1-12-59), suggesting further 
deterioration, Vitamin D then 
Four months later urinary and serum calcium and 
renal concentrating ability had all returned to con- 
trol levels (Table II, 5-18-59). 
was never abnormally high. The GFR was some- 


was stopped. 


Solute excretion 


what lower when concentrating ability was mark- 
edly impaired than it was after improvement 4 
months later. In general, however, GFR changed 
very little with recovery (Figure 2). Sodium 


deprivation, carried out in both patients at the 


time concentrating power was impaired, showed 
no gross compromise of sodium conservation 
(Table 1). 

The effect of vitamin D on urinary concentra- 
tion in the absence of hypercalciuria and hyper- 
caleemia was measured by giving large doses 
(600,000 U per day) to Patient M.H. at a time 
when concentrating ability was normal (Table IT, 
3-5-59), and limiting calcium intake (200 mg per 
day ), so that after 3 weeks of vitamin D therapy 
urinary and serum calcium were still normal. 
Re-evaluation of the concentrating process (M.H., 
Table II, 3-24-59) revealed that Unax and TSH,O 
had not changed significantly. 

These data suggest that the effect of large doses 
of vitamin D on the concentrating mechanism is 
probably mediated through the accompanying ele- 
vated serum and/or urinary calcium rather than 
through a direct effect of the vitamin itself on 
the kidney. As in the case of hyperabsorption 
hypercalciuria, this impairment of renal function 


| 
= 
* 
Days 
9.7 9.9 9.6 
LL.M 203 576 341 304 286 
130 57.6 4.9 3.4 0 
9.9 10.3 10.4 
141 137 
M.E. 395 200 162 182 
351 87 3.2 2.0 
ae 11.6 11.7 10.1 10.3 10.6 | ae 
139 139 
ae M.H. 319 298 227 214 221 = 
oe 139 30 0 0 0 
11.6 11.1 10.9 

140 

409 450 355 349 256 
378 177 6 4 2 
11,9 11.8 11.9 
138 137 
229 159 116 118 
a4 50.4 4.5 2 24 
15 14 12.4 12 
137 135 
210 41 12 12 14 
28 20 14.2 14t 15.3t 
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TABLE II 


Effect of large doses of vitamin D on renal function in patients with hypoparathyroidism 


Serum Urinary 
Patient Ca Ca* Cut Posm Umax TeHOf Uosmt Remarks 


me % mg/day ml/min mOsm/L mOsm/L wOsm/ min 
Effect of vitamin D; hypercalcemia and hypercalciuria 
M.H. 11.6 281 55 275 375 —0.5§ 334 Vitamin D, 600,000 U/day 
from 3-28-58 to 4-13-58. 
M.H. 8.9 (215) ; 263 838 5.2 470 Recovery; compare with 
3-5-59 below. 
11-17-58 H.E. 207 278 613 5.4 585 Control. 


12- 1-58 H.E. 405 5 283 502 3.2 704 Vitamin D, 500,000 U/day 
beginning 11-15-58. 


Effect of vitamin D; hypercalcemia without hypercalciuria 
(180) 40 263 350 0.5 352 Vitamin D plus Na versen- 
ate, neutral phosphates and 
Ca restriction from 12-2-58 
to 1-12-59. 
47 52 275 675 : BA Recovery after stopping 
vitamin 


Effect of vitamin D; no hypercalcemia or hypercalciuria 
109 266 1021 4.9 180 Control. 
131 274 900 4.5 370 Vitamin D, 600,000 U/day 


from 3-6-59 to 3-24-59; 
compare with 4-17-58. 


Values in parentheses were obtained 4 days preceding the clearance and are representative of urinary calcium during pre- 
testing period. Values for days immediately preceding test were not available. 

+ Average of 4 to 7 values. 

t TeH2O at Cosm of 15 ml/min 

§ A negative value for T¢H;0 is to be understood as CH20. 


TABLE Il 
Effect of hyperparathyroidism on renal function 


Serum Urinary 
Ca Ca* Cut Posm Umax TeH.Of Josm Remarks 


Patient 


me% mg/day ml/min mOsm/L  mOsm/L ml/min pwOsm/min 
11.9 229 86 288 555 3.8 524 
18.0 594 55 280 347 —2.0§ 300 


Effect of neutral phosphate; hypercalcemia without hypercalciuria 
11.5 83 68 269 590 £2 410 Neutral phosphates and 
. Na versenate from 7-7-58 
to 7-23-58. 


12-29-58 A sb 12.6 42 35 269 384 —0.7§ Neutral phosphates from 
12-10-58 to 12-29-58. 


After removal of adenoma 
9-26-58 L.W. (67) 67 272 750 4.5 420 2 Mos post-op. 
1-30-59 E.H. 94 (15) 278 470 0.5 305 2 Weeks post-op. 
6-23-59 9.5 15 46 278 625 395 5 Mos post-op. 


* The values are an average of the calcium excretion obtained during the 3 days preceding or following the clearance. 
Values in parentheses were obtained 5 to 7 days preceding or following the clearance and are representative of urinary 
calcium during pretesting period. Values for days immediately preceding test were not available. 

+t Average of 4 to 7 values. 

t T°H.O at Cosm of 15 ml/min. 

§ A negative value for T°H,O is to be understood at C20. 
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1-12-59 12.0 ‘ 
5-18-59 H.E. 8.2 
3- 5-59 M.H. 8.6 a. 
3-24-59 M.H. 8.6 
a * The values are an average of the calcium excretion obtained during the 3 days preceding or following the clearance. i 
Date 
7- 2-58 L.W. 
12- 4-58 B.A. 
wee 
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is reversible, improving as the serum and urinary 
calcium decrease to normal values. 
III. Effect of hyperparathyroidism on the con- 


centrating mechanism. Two patients with hyper- 


parathyroidism, with elevation of both serum and 


urinary calcium, showed marked limitation of 
concentrating ability (Table III). One of them, 
L.W., showed a T®H,O within the normal range 
(3.8 ml per minute) but a maximal urinary osmo- 
lality of only 555 mOsm per L. Oral phosphates, 
which have been shown to correct the chemical ab- 
normalities of hyperparathyroidism (6), might 
be expected to improve concentrating ability. 
When these patients were given neutral phos- 
phates orally, 8 g per day (equivalent to 1.8 g P), 
urinary calcium returned to normal in both pa- 
tients and remained normal for 3 weeks, with the 
exception of 4 days when E.H. showed values 
above 160 mg per day. Although serum calcium 
fell, it was still consistently above normal in E.H. 
(12.5 mg per 100 ml or above) and intermittently 
elevated in L.W. (9.4 to 11.5 mg per 100 ml). 
At the end of 3 weeks, E.H. was not significantly 
iunproved, while L.W. showed a further decline in 
(Table II, 12-29-58 

Attempts to produce a 
comparable correction of the hypercalciuria of 
with 


concentrating ability and 


7-23-58, respectively ). 
hyperparathyroidism disodium versenate 
alone failed. 

Following surgical removal of a parathyroid 
adenoma, concentrating ability improved consid- 
erably: Umax was 750 and 625 mOsm per L, and 
T°H.O was 4.5 and 3.7 ml per minute in L.W. 
and E.H., respectively (Table IIT). 

Sodium deprivation, carried out in both pa- 
tients before operation, showed impairment of 
sodium conservation in E.H. (Table I), whose 
urinary sodium remained greater than the intake 
value of 9 mEq per day even when 15 mg of de- 
E.H. 


also showed limited hydrogen ion excretion in 


soxycorticosterone acetate was given daily. 


response to an acid load (serum carbon dioxide 
fell from 33 to 10 mEq per L during a 5 day course 
She 
was the only one of the patients tested who dem- 


of ammonium chloride, 130 mEq per day). 


onstrated such extensive renal damage. 
DISCUSSION 


Infusion of solutions containing calcium  pro- 
duces a diuresis of sodium and water in dehy- 
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drated subjects (7). Further, a defective urinary 
concentrating mechanism has been demonstrated 
in rats given high calcium, high acid-phosphate 
diets (8) and vitamin D (1, 8), and in dogs given 
parathyroid extract for 24 hours (9). 
association of impaired concentrating function 


Thus, the 


with four different disease states, having in com- 
mon an elevation of urinary and (with the pos- 
sible exception of hyperabsorption hypercalciuria ) 
serum calcium, suggests that the defect is a con- 
sequence of the excess of calcium and not of the 
This defect does not result from 
osmotic diuresis, as solute excretion need not be 
excessive (Figure 2) nor GFR markedly im- 


specific disease. 


paired. 

Some of the results suggest that hypercalcemia 
alone, without hypercalciuria, can maintain and 
possibly produce the defect (Tables II and IIT). 
However, the three patients, E.H., H.E. and 
L..W., whose concentrating defect persisted or be- 
came worse despite absence of hypercalciuria, were 
receiving neutral phosphate. In the presence of 
hypercalcemia it is entirely possible that phos- 
phates impair renal function (8). In addition, 
two of the patients who showed this phenomenon, 
L.W. and E.H., had hyperparathyroidism. A re- 
cent study suggests that parathyroid hormone may 
itself have a direct nephrotoxic effect (10). It is 
still possible that parathyroid hormone has no 
deleterious renal effect independent of an excess 
In contrast, it is very likely that vita- 
min D has no nephrotoxic effect when serum and 


of calcium. 


urinary calcium are normal (Table IT). 

Except during the period of treatment with 
versenate and phosphates discussed above, all pa- 
tients had hypercalciuria associated with impaired 
renal function. Inasmuch as hypercalcemia has 
never been. demonstrated in two of them (M.E. 
and L.M.) or in a third extensively studied sub- 
ject with hypercalciuria and the concentrating de- 
fect (11), it is probable that hypercalciuria alone 
is sufficient to produce this type of renal impair- 
ment. 

The renal lesions resulting from increased body 
fluid calcium are predominantly tubular ones (1, 
2). The glomeruli may be minimally affected, if 
at all; GFR may be relatively normal. The tu- 
bules, on the other hand, may show lesions rang- 
ing from necrosis of epithelium to spotty deposi- 
tion of calcium in the basement membranes, or in 
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The 


collecting ducts are said to be chiefly affected, but 


“clumps or as a fine dust” (2) in the cells. 


the lesions may appear in the convoluted tubules 
as well (1, 2). Histologically recognizable 
changes need not be present, however (11); the 
concentrating defect may be seen despite ap- 
parently normal renal architecture. 

Figure 3 shows the relationship of urinary flow 
(V) to solute clearance (Cosm) for four patients 
at a time when concentration was impaired and 
again after recovery. In three patients, regres- 
sion lines of Cosm on V actually cross the isos- 
motic parameter (negative T®H,O) at osmolar 
clearances below 12 ml per minute when concen- 
tration is defective. Negative TSH,O with os- 
motic diuresis at Cosm below 16 ml per minute can 
be produced by normal kidneys only when vaso- 
pressin is present in limited amounts (12). The 
negative T°H,O in our patients despite maximal 
doses of vasopressin indicates serious impairment 
of the concentrating mechanism. After recovery, 
the four patients are comparable to normal sub- 
jects who may show positive T¢H,O at osmolar 
clearances up to 35 ml per minute (5) or greater 
(13). 

According to present concepts, maximal con- 
centration of the urine requires antidiuretic hor- 
mone (ADH), a distal tubular membrane whose 
permeability to water is dependent on ADH, and 
medullary solute adequate in amount and con- 
centration (14). 

As tubular flow is increased with mannitol diu- 
resis, a given amount of ADH is rendered less 
effective both by limitation of distal tubular reab- 
sorption as larger volumes containing unreabsorb- 
able solute are delivered, and by limitation of 
medullary function as more water is presented for 
removal. Reduced function of the concentrating 
mechanism in disease, despite maximal exogenous 
ADH, might result from a decrease in tubular 
permeability (either in the distal convolutions or 
in the collecting ducts) or from a decrease in 
medullary efficiency (either for solute delivery or 
for water removal). In this schema, medullary 
solute content depends ultimately upon tubular 
reabsorption of sodium, 

In rats made nephrocalcinotic (15), maximal 
urinary concentration was depressed relatively 
more than medullary concentration of sodium and 
total solutes, suggesting impairment of tubular 
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Fic. 3. REGRESSION OF OSMOLAR CLEARANCE (Coxm) 
ON URINE VOLUME (V) IN FOUR SUBJECTS WITH CON- 
CENTRATING DEFECT AND AFTER RECOVERY, DURING OSMOTIC 
piureEsis. The data for hyperabsorption hypercalciuria 


are contained in Figure 1, B and C. 
permeability to water. Further, analysis showed 
a significantly decreased medullary sodium and 
total solute content which would limit efficiency 
Also, 
in vitro studies indicate that calcium can inhibit 
sodium (16) and water (17) transport in frog 
skin by reducing its permeability, and can sup- 


of the medullary concentrating mechanism. 


press the action of vasopressin in slices of Nec- 
turus kidney (18). 

In contrast, our studies demonstrated a failure 
of renal sodium conservation in only one of the 
six patients. It is possible, however, that changes 
associated with sodium restriction could have ob- 
scured an altered tubular transport of sodium. 

From presently available data, one cannot de- 
fine precisely the site or mode of action of calcium 
in limiting urinary concentrating ability. 


SUM MARY 


Maximal urinary osmolality (Umax) and T'H,O 
were measured in subjects with hypercalciuria, hy- 
percalcemia, or both. Patients with “hyperab- 
sorption hypercalciuria,” hypervitaminosis D and 
hyperparathyroidism were studied before and af- 
ter treatment designed to lower urinary calcium. 

All subjects showed impairment in both Umax 
and T¢H,O, and improvement in them with ther- 
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apy. The data suggest that excess of calcium, 
rather than the agent or disease process producing 
it, is ultimately responsible for the defect. 

The concentrating defect was not attributable 
to an increased sclute excretion, which showed 
negligible changes with improvement. 

All subjects but one showed normal sodium 
conservation with urinary sodium less than 9 mEq 
per day at this intake, suggesting that the con- 
centrating defect does not depend upon gross 
failure of sodium transport. 
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CORRECTION 


On page 590 of the paper entitled “Isozymes of lactic dehydrogenase 
in human tissues” by Elliot S. Vesell and Alexander G. Bearn (J. clin. In- 
vest. 1961, 40, 586), lines 12 and 13 of the Summary should read: “Leuko- 
cytes and serum showed highest activity in peak 4.” 
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VI. INTERACTIONS BETWEEN CALCIUM, 


MAGNESIUM, INORGANIC PHOSPHATE, CITRATE AND 
PROTEIN IN NORMAL HUMAN PLASMA * 


By MACKENZIE WALSER 


(From the Department of Pharmacology and Experimental Therapeutics, Johns 
Hopkins University School of Medicine, Baltimore Md.) 


(Submitted for publication August 10, 1960; accepted January 5, 1961) 


The total measured concentration of an ionizable 
constituent of body fluids often fails to reveal 
either the varied chemical forms in which it may 
be present, or the portion which is present as the 
free ionized substance. This truism applies to 
most organic acids and bases and to inorganic ions 
which are multivalent. Univalent ions whose cor- 
responding acids and bases are strong may be 
This 


exclusion is more quantitative than qualitative, 


viewed as exceptions to this generalization. 


since small fractions of these constituents may also 
be complexed or bound. 

Plasma and extracellular fluid differ from other 
body fluids in containing predominantly univalent 
strong electrolytes. The plasma concentrations of 
organic acids and bases and of multivalent inor- 
ganic ions are relatively low. Nevertheless, the 
measured concentrations of these substances in 
plasma may fail to reflect their interactions with 
one another, and therefore the individual ionic 
species present. 

By means of ultrafiltration, a protein-free fluid 
may be obtained which is probably identical with 
the protein-free phase in native plasma. This 
identity is supported by the observation that ultra- 
filtrate concentrations of calcium (1), magnesium 
(2) and phosphate (3) do not change during the 
course of ultrafiltration. In order to quantitate 
the interactions between nonprotein-bound con- 
stituents, one approach is to measure 1) the free 
ion concentrations of all cations present, 2) the 
total amount of various anions present, and 3) 
calculate the amounts of each complex from re- 
ported dissociation constants. Undetermined an- 
ions will then account for the difference between 
the total concentration of each cation and the 
Cal- 
cium and magnesium ion concentrations can be 


amount accounted for as known complexes. 


* Supported by a United States Public Health Service 
Grant (A-2306). 


determined (2). Sodium and potassium are vir- 
tually completely ionized. Therefore, this scheme 
offers promise of analyzing such complex mix- 
tures as plasma, urine and intracellular fluid. 

In the present report, normal plasma has been 
analyzed by this procedure with respect to pro- 
tein, calcium, magnesium, phosphate and citrate. 


METHOD 
Venous blood was collected without stasis in oiled hepa- 


(medical 
Plasma 


rinized syringes from healthy volunteers stu- 
dents, technicians staff 
separated by centrifuging and was stored under oil. 
Plasma pH was determined promptly at room temperature 
(23° to 26° C) using a Radiometer pH meter, model 4. 
No temperature correction was applied. Ultrafiltration 
was performed as described by Toribara, Terepka and 
Dewey (1) with two modifications: 1) Visking casing } 
inch in diameter was used, the resulting increase in area for 
ultrafiltration accelerating the process almost twofold; 2) 
the strips of casing were soaked in distilled water for 2 
days, rinsed, and then stored until used in a chamber satu- 


and members). was 


rated with water vapor. Drying in air caused small pin- 
holes to form; use of wet casing, even when thoroughly 
wiped, led to dilution of ultrafiltrate by water remaining 
in the casing; if soaking was omitted entirely, impurities 
in the casing led to erratic results in some methods. 

The ultrafiltrates were freed of heavy metals by extrac- 
tion with diphenyl thiocarbazone and chloroform (2) and 
bubbled with 5 per cent CO2. Two aliquots of 2.5 ml each 
were mixed with Tris (hydroxymethyl) aminomethane 
buffer at a pH within 0.1 U of the measured plasma pH. 
Free calcium ions and free magnesium ions were then deter- 
mined spectrophotometrically (2) and the pH values of the 
ultrafiltrate-dye mixtures were measured. The solution 
remaining after determination of free calcium ions was 
used for analysis of citrate and phosphate. Citrate was 
determined by preliminary acid digestion (4), conversion 
to pentabromoacetone (5), and color development with 
thiourea (4). Phosphate was determined on ultrafiltrate 
and on plasma according to Fiske and Subbarow (6). 
Other aliquots of ultrafiltrate and of plasma were analyzed 
for total calcium and total magnesium (2); the succinate 
buffer employed in this method was modified as follows: 
equal parts of 0.17 M sodium succinate and 0.25 N HCl 


were mixed. This solution yielded protein-free filtrates 
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more consistently than the mixture originally described. 
Plasma protein was determined by the biuret method (7). 


CALCULATIONS 


The general procedure consisted of calculating the 
amounts of various ionic species in plasma ultrafiltrate, 
using measured values of free calcium and magnesium ion 
concentrations and measured concentrations of phosphate 
and citrate. The proportion of each ion bound to protein 
was then estimated by applying approximate corrections 
for the Donnan factor (see below) and for plasma water 
content. 

The basic premise employed herein is that determination 
of free cation concentrations, coupled with the relevant 
stability constants, permits calculation of the concentra- 
tions of each complex in a mixed electrolyte solution from 
these values plus total measured concentrations of individ- 
ual anionic ligands. This premise may be stated alge- 
braically as follows: 

Let [44,7] = free ion concentra- 
tions of cations present; let [4,], [Ae]. [43], = 
total concentrations of anionic ligands; let [4,~], [A2 J, 
[Ay ], [A,” ] = free ion concentrations of these ligands. 
If only 1:1 complexes are formed, 


_ x 
= [1] 


(A,] = + (4441) + 
+ [2] 


Substituting, 
CM) x , (47) x 
= [41] 4 Kay 


mar KM3A, BJ 


Solving for 


4 


= (4,)0 + + 
+ [4] 


Individual complexes are then calculated from Equation 
1. In plasma ultrafiltrate, the only cations present which 
can bind anions appreciably are sodium, calcium and mag- 
nesium. Potassium concentration is too low to affect the 
calculations. Although sodium may bind an appreciable 
fraction of each anion present, the fraction of sodium bound 
to all anions must be very low (probably less than 1 per 
Sodium ion concentration may there- 


In the 


cent; see below). 
fore be equated with total sodium concentration. 
present studies on normal plasma, sodium concentration in 
ultrafiltrate was assumed to be 0.14 M. Although indi- 
vidual values could differ from this estimate by several per 
cent, the resulting error in estimated concentrations of 
sodium complexes would be no greater, and in other com- 
plexes, even smaller than the error in estimating sodium 
concentration. Calcium and magnesium ion concentra- 
tions have been determined directly. Only two anions 
Both of 
these are known to complex sodium, calcium and magnesium 
ions (8-12). 


have been determined, phosphate and citrate. 


Although many other anions in plasma are 
doubtless bound partially to calcium and magnesium, the 
concentrations of these complexes must all be considerably 
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smaller than those studied here. Bicarbonate may possi- 
bly be an exception to this generalization (see below). 
With this exception, no other anions are present in suffici- 
ent quantities to bind more than 0.02 mmole per L of 
calcium or magnesium (13). 
The dissociation constants employed, all referring to 
25° C, were as follows: 
= an’ 


] 
[Na*][HPO,~] 
= = = 0.23 
K’'NaHPO, [NaHPO,-] ).23 M 
Ley *J(H PO, 
[CaHPO, ] 


K'Mgiro, = [Mg* O; 


J = 10°69M 


K'caHPo, = J = 0.0020 M 


J = 0.0011 M. 


[MgHPO,] 

The values for K’H2PO, and A’CaHPoO, are those given by 
Smith and Alberty (12) for ionic strength = 0.15 M. The 
values for K’Nanpoy and K’MgHPo, given by these authors 
are 0.26 M (11) and 0.00132 M (12) at ionic strength = 
0.2 M. In these 
strength = 0.16 M, the general activity coefficient equa- 
tion of Davies (14) was employed. Although this equa- 
tion is only approximate, the corrections applied are small 


order to correct constants to ionic 


(7 and 13 per cent, respectively). 
_ [Nat [Cit 
K CaCit [CaCit 7 


_ [Mg**JECit 


J = 0.20 M. 


J 0.00070 M. 


J = 0.00028 M. 


K' 


These values were obtained at ionic strength = 0.16 M (9). 
It was assumed that: /) total ultrafiltrable phosphate 
= Pi = [H.PO,-] + [HPO,;—] + [NaHPO,] + [Ca- 
HPO,] + [MgHPO,]; and 2) total ultrafiltrable citrate 
= [Cit] = [Cit] + [NaCit-—~] + [CaCit-] + [Mg- 
]. The ionic species MgH2PO,*, KHPO,*, 
KCit~~ and HCit 
these concentrations and were therefore neglected. 

Substituting the above constants in Equation 4: 
[H-PO,~] = Pi/(1 + 1069-PH + [Nat+]/0.23 + [Ca*+]/ 
0.002 + [Mg**]/0.0011. All concentrations are in moles 
per liter. Individual phosphate complexes are then readily 
calculated. Similarly, [Cit~~] = (Cit]/(1 + [Na*]/ 
0.2 + [Ca**]/0.0007 + [Mg**]/0.00028). In this work 
it was assumed that [Na*] = 0.14 M. 

In calculating protein-binding of calcium and magnesium 
no corrections for plasma water or the Donnan factor were 
applied because in the case of divalent cations these two 
corrections are opposite in direction and of approximately 
In the case of phosphate, the correc- 
The percentage of plasma 


are all present in only trace amounts at 


equal magnitude. 
tions are in the same direction. 
inorganic phosphate (Pi) bound to protein was therefore 
calculated as 100 (1 — [Pi]ve/1.175[Pi],). The factor 
1.175 was derived as explained in a previous paper (3). 
The assumptions involved in applying this factor are: 1) 
plasma water content is normal (this is borne out by the 
normal values for total plasma protein in this group of 
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subjects) ; and 2) the composition of the protein-free phase 
of plasma water is not altered during ultrafiltration. 
Evidence in support of this assumption was given previ- 
ously (3). Although true equilibrium cannot obtain during 
ultrafiltration and Donnan calculations are therefore not 
applicable in a strict sense, nevertheless, the restraining 
effect of the nondiffusible anions is evidently constant, 
within experimental error. Consequently, a ‘“Donnan- 
like’’ factor must be applied; in the absence of other 
evidence, the most reasonable factor to use is the one which 
obtains in equilibrium systems. 

It would have been preferable to determine both pH and 
free cation concentration at 37° C rather than at room 
temperature (22° to 26° C), and to apply dissociation con- 
stants obtained at 37° C. However, this would be con- 
siderably more difficult technically; furthermore, no K 
values at 37° C are available for most of these complexes. 
The results may therefore require some modification in the 
future, to correct for the difference between 37° C and 

RESULTS 


Observed and derived data in 20 normal sub- 
jects are presented in Table I. Several aspects of 


these results deserve comment. 


1. Sex and age differences. The mean values 
for 12 males are nearly identical with those for 
8 females in all of the measured and derived data. 
Significant differences between males and females 
have not been found in other studies of some of 
these constituents (15). The age range was in- 
tentionally narrow (21 to 39 years), and no cor- 
relation between any constituent and age in this 
range was seen. 

2. Variability, The concentrations of certain 
constituents, notably calcium and magnesium, ex- 
hibited little variation in comparison with other 
series (15-25). Especially noteworthy is the 
plasma calcium concentration, for which the 
standard deviation was only 2 per cent of the 
mean. Ninety-five per cent confidence limits are 
2.36 and 2.60 mmoles per L (9.4 to 10.4 mg per 
100 ml). The usually accepted range in normals 
is approximately twice as great. 
and 


Phosphate and citrate concentrations, 


therefore most of the derived data as well, were 


TABLE I 


Observed composition of normal plasma and plasma ultrafiltrate 


Subject Plasma 
Protein Ca Mg 


Name Sex 


mmoles/  mmoles/ 
i, 


~ 


1.00 
0.84 
0.94 
1.00 
1.08 
0.96 
0.99 
0.98 
1.00 
1.00 
1.03 
0.90 


0.84 
1,24 
1.14 
1.48 
1.01 
1.11 
1.21 
1.29 
0.89 
0.85 
1.14 


Man 7.01 
Fin I 6.96 
Fri 6.39 
Whe 6.70 
Lon 6.24 
Der 6.62 
Pas ] 2 (i 
Sto 6.65 
Hir ] 6.58 
Wei 6.54 
Wal 6.62 
May 6.04 


1.412 


1.32 
1.10 
1,52 
1.28 
1.14 
0.97 
1.22 
1.00 


oo 


0.98 


0.95 
0.96 
0.90 
0.98 
0.90 
0.91 
0.92 
1.04 


6.63 


7.59 
6.19 
6.34 
7.10 
6.79 
6.21 
6.04 
6.65 


Mean of males 


But 
Sch 
Kat 


F 
F 
Hil 
F 


PAR 


Smi 
For 
Pla 
kKli 


Mean of females 6.61 0.95 1.19 
1.15 
0.19 


0.16 


0.96 
0.06 
0.06 


6.63 
0.41 
0.06 


Group mean 
SD 


SD/mean 


mmoles / 


Ultrafiltrate 


Mg Mg** Pi Cit 


mmoles/L mmoles/L mmoles/L 


0.137 
0.092 
0.149 
0.127 
0.129 
0.134 
0.113 
0.111 
0.129 
0.093 
0.110 
0.101 


0.89 
1.36 


0.56 
0.61 
0.48 
0.56 
0.50 
0.49 
0.49 
0.60 
0.48 
0.60 
0.53 
0.47 


0.70 
0.68 
0.66 
0.64 
0.70 
0.68 
0.70 
0.69 
0.64 
0.70 
0.70 
0.58 


~ 


MAMMA wT 


rs 


0.118 


0.101 
0.141 
0.126 
0.123 
0.138 
0.113 
0.105 
0.143 


0.53 


0.45 
0.60 
0.50 
0.62 
0.57 
0.44 
0.55 
0.57 


0.67 
0.57 
0.67 
0.66 
0.68 
0.62 
0.56 
0.72 
0.71 


tn tn tn 
oo 


0.65 0.54 0.124 


0.121 
0.017 
0.14 


0.53 
0.06 
0.11 


0.66 
0.11 0.05 
0.09 0.07 


0.09 
0.07 


Pi Ca Cot} 
7. 1.36 1.21 
1.42 1.32 1.47 
1.30 1.14 1.13 
1.36 1.10 1.20 
= 1.34 1.04 1.18 
145 1.46 1.40 
123 1.05 0.97 
144 1.11 0.82 
1.22 1.17 1.03 
130 1.14 11.9 
25 154 1.11 1.26 
26 1.26 1.14 1.33 
27 144 1.12 1.31 
28 1.38 61.21 1.20 
35 1.32 1.09 0.93 
35 1.40 1.26 1.24 
36 1.47 1.36 1.00 
61380 11S 
1.57 1.17 
| = 


726 
more variable. This may be due to the fact that 
the subjects were not fasting. 

3. Free and complexed calcium and magnesium. 
The difference between ultrafiltrable calcium and 
free ionic caRium, representing complexed cal- 
cium, averaged 0.16 mmole per L, or 6 per cent 
of the plasma calcium. The variability in this 
quantity reflects the fact that it is obtained by dif- 
ference. In only one sample (Subject Sto) did 
ionic calcium appear to exceed ultrafiltrable cal- 
Since the error in ionic calcium determina- 
tion approaches 0.1 mmole per L, this absurd re- 
sult 


cium. 
may be expected occasionally. Fanconi, 
Rose and Lloyd (19, 26, 27) have reported some- 
The 


use of nonlinear standard curves and the failure 


what smaller values for complexed calcium. 


to remove heavy metals in their work may ac- 
count for the difference between the two studies 
(2). McLean and Hastings (28), using the 
frog heart method, found 0.15 to 0.34 mmole per 
I. of calcium which could not be accounted for by 

Similar re- 
McLean and 


protein-binding or as ionic calcium. 
sults were obtained by Morison, 
Jackson (29) using this method. 

Complexed magnesium averages 0.13 mmole per 
L., or 14 per cent of the total plasma magnesium. 
Free magnesium ion concentration averaged 0.53 
mmole per L or 55 per cent of the total. These 
values are remarkably similar to those obtained 
in 1938 by Nordbo (30), using a different method. 

Unidentified complexes, calculated by subtract- 
ing the measured complexes (with phosphate and 
citrate), averaged 0.08 mmole per L of calcium 
and 0.06 mmole per L of magnesium. Although 
these values are only approximate (SD = 0.10 
and 0.05 mmole per L, respectively), the means 
differ significantly from zero (p < 0.001). In ab- 
normal plasma, the amount of unidentified com- 
plexes may be much greater (31). 

The only previous estimates of the amounts of 
individual calcium complexes in plasma are those 
of Neuman and Neuman (13), who postulated the 
amounts of calcium complexed by bicarbonate, 
phosphate and citrate to be 0.16, 0.06 and 0.07 
mmole per L, respectively. The method by which 
calcium complexed by bicarbonate was calculated 
is not stated. Neuman and associates (32) give 
a value of 0.4 M for the stability constant of the 
complex CaHCO.,, at ionic strength 1.0 M. Sub- 
sequent studies at lower ionic strengths have 
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failed to reveal any complex formation between 
calcium and bicarbonate (33) ; however, these re- 
sults have been questioned (34). Our values for 
calcium complexed by phosphate and citrate are 
0.036 and 0.038 mmole per L, respectively (Table 
II), somewhat lower than those estimated by 
Neuman and Neuman (13). The proportion of 
total plasma sodium which is bound to dibasic 
phosphate and citrate is calculated to be less than 
0.5 per cent. 

4. Free anion concentrations. The fraction of 
total ultrafiltrable phosphate present as free di- 
basic phosphate ions is only 51 per cent. If mono- 
basic phosphate ions are included and approxi- 
mate corrections made for the Donnan factor, the 
fraction of total plasma phosphate existing as free 
Thus 
the extent of ionization of plasma phosphate is 
quite similar to that of plasma calcium and mag- 


ions is calculated to be about 53 per cent. 


nesium. 

The fraction of total ultrafiltrable citrate pres- 
ent as free ions is considerably lower, 19 per 
Protein binding of citrate was not deter- 
mined because of the greater degree of uncertainty 
in choice of a proper Donnan factor for trivalent 
In other experiments (35), citrate con- 
centration in whole plasma was approximately 
equal to citrate concentration in ultrafiltrate. 

5. lon products. The product of calcium and 
phosphate concentrations is relevant to the equi- 
The tra- 
ditional procedure of multiplying whole plasma 


cent. 


anions. 


librium between bone salt and plasma. 


calcium in milligrams per 100 ml by whole plasma 
inorganic phosphorus in milligrams per 100 ml 
is clearly inadequate. 

Levinskas (36), quoted by Neuman and Neu- 
man (13), attempted to derive a value for free 
dibasic phosphate ion concentration in normal 
plasma, for the product ([Ca*t]x[HPO,~]), 
and also to apply activity coefficient corrections. 
However, the complexes NaHPO,-, CaHPO,, and 
MgHPO, were ignored and the product obtained 
is therefore too high. 

The present procedure makes possible direct 
calculation of the product [Ca**] x [HPO,-~] in 


plasma based upon the dissociation constants cited. 


No attempt has been made to correct these prod- 
ucts to zero ionic strength. The values range 
from 0.47 to 1.06 x 10° M, averaging 0.72 x 
10° M. There was no inverse correlation found 
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rABLE 


Forms of calcium, magnesium, phosphate and 
citrate in normal plasma 


Percentage 
mmoles of total 


Calcium 


Free ions 
Protein-bound 
CaHPO, 

CaCit 

Unidentified complexes 
Total 


Magnesium 


0.53 
0.30 
0.03 
0.04 
0.06 
0.96 


Free ions 
Protein-bound 
MgHPO, 

MgCit 

Unidentified complexes 
Total 


Phosphate 


Free HPO, 
Free H.PO, 
Protein-bound 
NaHPO, 
CaHPO, 
MgHPO, 
Total 


Citrate (in ultrafiltrate) 


0.023 
0.016 
0.038 
0.044 


Free ions 
NaCit 
CaCit 
MeCit 


Total 0.121 


between [Ca**] and [HPO,-~] ; in fact, there was 
a suggestive, though statistically insignificant, 
positive correlation. 

The ion product of | Mg**| x |[HPO, 
aged 0.32 x 10* M. 
this salt is given as 70 X 10° M by Tabor and 


| aver- 
The solubility product of 


Hastings (37). 

6. Protein-binding. The fraction of plasma 
calcium bound to protein in these samples averaged 
46 per cent. This is somewhat greater than the 
values obtained by Toribara and co-workers (1) 
or by Hopkins, Howard and Eisenberg (38), but 
comparable to those found by Prasad and Flink 
(22). 


ent work is the use of the dry (or nearly dry) 


One reason for larger values in the pres- 


casing ; under certain circumstances the error due 


to use of wet casing may be as great as 10 per 
It should be 
noted, however, that the total weight of casing 


cent, even after thorough wiping. 


employed in the present work is greater than that 
used by other investigators. 

Protein-binding of magnesium averaged 32 per 
cent, which is consistent with other reports (17, 
18, 20, 21, 23, 25). In every subject, protein- 
binding of magnesium was less than that of cal- 
cium. However, there was no correlation between 
the percentage of calcium bound and the per- 
centage of magnesium bound. 

Protein-binding of phosphate averaged 13 per 
cent. Ina previous series of normal subjects (3), 
an average value of 25 per cent was bound. In 
azotemic subjects without phosphate retention, 
an average of 14 per cent was bound. 
values obtained in the present work are probably 
attributable chiefly to the use of drier casing. 


The lower 


DISCUSSION 


The results with respect to the physicochemical 
state in normal plasma of the four ions studied are 
shown in Table III. Here the observed values 
in ultrafiltrate have been corrected 
mately) for the Donnan factor and plasma wa- 
ter content in order to obtain estimates of the 
The same quali- 


(approxi- 


concentrations in native plasma. 
fications described above apply to these Donnan 
factors as to the estimates of protein-binding. 

The data presented in this study are offered 
chiefly as a basis for further investigation. At 
present, the significance of the complexes and ion 
products described is unknown. It is reasonably 
certain, however, that the free ion concentrations 
of calcium, magnesium, dibasic phosphate and 
citrate are those upon which the known physio- 
logical function of these ions depends. Complexed 
calcium, for example, is known to be ineffective 
in promoting the clotting of blood, or the contrac- 
tion of muscle (39). In the formation of bone 
salt, on the other hand, the complexes CaHPO, 
and MgHPO, may play a role as may the com- 
plexes formed with citrate. 

Bianchi and Shanes (40) have postulated that 
ion transport across cell membranes may occur 
as ion-pairs. It is possible that some of the ionic 
complexes determined here may be involved. 

Of greater immediate interest is an extension 
of these studies to abnormal plasma and to other 
body fluids. To cite one example, the hypercitre- 
mia seen following administration of parathyroid 
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extract or vitamin D may represent an increase 
in free citrate ion concentration or simply a sec- 
ondary rise in complexed citrate associated with 


hypercalcemia. This problem is currently under 
investigation. In a preliminary report (31), we 
have described the changes seen in uremic plasma. 
The most striking alterations observed were a 
diminution in the percentage of plasma calcium 
and magnesium present as free ions, often in as- 
sociation with the appearance of large amounts 
of unidentified complexes, and an increase in the 
product [Ca**|[HPO,~]. 


SUMMARY 


The physicochemical state of calcium, magnes- 
ium, phosphate and citrate in normal human 
plasma has been studied by ultrafiltration followed 
by determination of free calcium and magnesium 
ion concentrations in ultrafiltrate. [Employing 
known stability constants, the concentrations of the 
complexes NaHPO,, CaHPO,, MgHPO,, Na- 
Cit ~, CaCit- and MgCit- have been calculated. 
Free ion concentrations of citrate and phosphate 
are obtained by difference. The fractions present 
as free ions are : calcium, 47.5 per cent ; magnesium, 
55 per cent; phosphate, 53 per cent; citrate, 19 
per cent. The product of calcium ion concentra- 
tion by free dibasic phosphate ion concentration 
averages 0.72 x 10°° M. 
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EFFECT OF MERALLURIDE ON SOLUTE AND WATER EXCRETION 
IN HYDRATED MAN: COMMENTS ON SITE OF ACTION * 
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The renal tubular site at which organomercurials 
exert their primary effect on salt absorption has 
been the subject of considerable dispute for many 
years. The fact that these drugs produced a con- 
sistent reduction in Tmgiycose and Tmpay in man 
suggested that these agents exerted an influence 
within the proximal tubule (1, 2). The absence 
of such changes in the dog, despite comparable 
diuretic activity, emphasized the hazards of such 
conclusions (3). Other experimental studies in- 
dicating that distal tubular functions such as the 
production of ammonia and titratable acid were 
not influenced by the administration of mercurials, 
were also used to imply a primary proximal tu- 
bular effect (4). 
which represents a late distal operation was 
shown to be depressed by the mercurial agents 
(5, 6). In hydrated man, it was demonstrated 
that meralluride produced a prompt increase in 
the rate of excretion of “nonsolute obligated” wa- 
ter implying a proximal tubular effect on salt and 
water absorption (7, 8). On the other hand, 
other observers reported that the administration 
of organomercurials to hydrated man and dog did 


Potassium secretion, however, 


not change the rate of free water clearance (9, 
10). Recently, utilizing the stop flow technique, 
several investigators have concluded that, in the 
dog, the major site of action of the organic mer- 
curials is confined to the proximal tubule (11, 
2). 

Alternatively, investigators concluded 
that the distal tubule represented the site of mer- 
curial action because the magnitude of the diure- 


some 


sis approximated the quantity of salt and water 
normally absorbed within the distal tubule (13). 
Others, who observed that the rate of excretion of 


* Supported by a grant from the National Institute of 
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Health (Grant no. A-277). 
at the Fifty-Second Annual Meeting of the American 
Society for Clinical Investigation, May, 1960. 
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nonsolute obligated water seemed independent of 
the solute diuresis, also suggested a distal site of 
action (14). 

Recently acquired insight (15-19) 
that subjects deficient in antidiuretic hormones 
(ADH) forming maximally dilute urine, might 
be used to localize the site of action of an agent 


suggests 


which alters tubular salt reabsorption. In such 
subjects, proximal tubular fluid remains isosmotic 
to plasma as the absorption of the major fraction 
of the filtered salt and water occurs. This ab- 
sorptive process is therefore accomplished with- 
out the generation of nonsolute obligated or free 
water. From the tip of the loop of Henle into 
the collecting duct, salt is reabsorbed actively 
through a segment relatively impermeable to wa- 
ter, thereby producing free water for excretion. 
The available micropuncture data suggest that the 
major portion of this free water is formed be- 
tween the tip of the loop of Henle and the begin- 
ning of the distal convolutions (15, 16). It is 
generally accepted that, as increasing quantities 
of salt are presented to this site, more salt may 
be absorbed with an increase in the excretion of 
free water. 
salt absorption at this site would be expected to 
decrease the rate of excretion of nonsolute obli- 
gated water. Whether the quantity of free water 
formed is appreciably reduced by the passive back 
diffusion of water through the impermeable dis- 
tal tubule is not certain. On the basis of these 
considerations, it seems possible to localize the 


Contrariwise, an action inhibiting 


site at which an agent affects salt reabsorption 
by comparing the changes in the clearance of sol- 
ute with those in the clearance of nonsolute obli- 
gated or free water. Accordingly, a variety of 
acute experiments was performed in normal, 
maximally hydrated man in an attempt to define 
more precisely the site of action of meralluride.’ 


1 Meralluride USP, contains 0.13 g of organic mer- 
curial (equivalent to 39 mg of inorganic mercury) and 
48 mg of theophylline per ml. 


| 
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MATERIALS AND METHODS 


Three separate types of studies were performed in 
maximally hydrated fasting males, free of renal, cardiac 
or vascular disease. All experimental subjects were 
initially hydrated by a rapid intravenous infusion of 1,000 
ml of 3 per cent dextrose and an additional oral water 
load calculated to provide a total water load of 20 ml 
per kg of body weight. This initial water load was fol- 
lowed by an intravenous sustaining infusion of 2.5 per 
cent dextrose (139 mOsm per L) and 0.1 per cent so- 
dium chloride (38.5 mOsm per L) at a constant rate of 
20 ml per Additional water given by 
mouth when the rate of urine flow rate 
of infusion. In most of the load 


comprised but a small fraction of the total intake of 


minute. was 
exceeded the 
subjects the oral 
water. 

In the first group of experiments, two types of con- 
trol studies were performed. In the first type, the tech- 
nique of hydration as described above was maintained 
for 3 hours in four subjects. In the second type of con- 
trol experiments, after the rate of urine flow, solute and 
free water clearance had reached a steady state, three 
15-minute control periods were obtained. Thereafter, 
the sustaining infusion was changed to contain one of 
rate of 
In four 


several “nonspecific solute diuretics,” * but the 
infusion was maintained at 20 ml per minute. 
subjects a solution containing 3.5 per cent mannitol (196 
mOsm per L), and in three subjects a solution contain- 
ing 0.71 per cent sodium sulfate (150 mOsm per L) and 
0.15 per cent sodium bicarbonate (34 mOsm per L) were 
substitrted for the sustaining solution. In three sub- 
jects 250 ml of an 8 per cent solution of urea was ad- 
ministered for 12.5 minutes; and, in three subjects 200 
mg of aminophylline (equal to the quantity of theophyl- 
line present in 3 ml of meralluride) was added to 200 ml 
of the sustaining infusion and infused in 10 minutes. 
After the administration of urea or aminophylline, the 
original sustaining solution was reinfused at 20 ml per 
During the administration of these agents and 
for the succeeding 60 to 90 minutes, urine was collected 
intervals. 


minute. 
by spontaneous voiding at 10- to 20-minute 
recumbent throughout the ex- 


Blood samples 


The subjects remained 
periment except when standing to void. 
were taken at infrequent intervals in an attempt to re- 
duce the formation of endogenous ADH. Blood and urine 
samples were analyzed for total solute, inulin, sodium, 


chloride and potassium concentrations. 


2A “nonspecific solute diuretic” is defined, for the 


purposes of this study, as an agent which increases the 
quantity of isosmotic fluid escaping proximal reabsorp- 
tion. This action is effected by limiting proximal reab- 
and/or by increasing 
Urea (20), sulfate (21), and 
mannitol (22) act as solute diuretics by passively limiting 


sorption (actively or passively) 


glomerular filtration rate. 


the absorption of salt and water in the proximal tubule 


more solute into the distal tubule. 


Theophylline seems to inhibit active proximal salt ab- 


and by sweeping 


sorption and in addition may cause a transient but slight 
increase in glomerular filtration rate (23). 


In the second group of experiments, 21 subjects were 
initially hydrated as described in group I. After a steady 
state had been achieved, 3 ml of meralluride was ad- 
ministered intravenously over a period of 3 to 5 min- 
utes. Thereafter, urine was collected by 
voiding at 10- to 20-minute intervals for approximately 
Urine and plasma measurements, as de- 


spontaneous 


2.5 hours. 
scribed in the group I experiments, were performed. 

In the third group of experiments, a nonspecific solute 
diuretic was administered to 10 of the 21 subjects from 
group II during the maximal phase of the meralluride- 
induced solute diuresis. The nonspecific solute diuretics 
were identical with those utilized in the second type of 
control study, and the technique of administration was 
the same as that described for this group of control ex- 
periments. Four subjects received the mannitol solu- 
tion, one the sulfate solution, three the urea solution, 
and two the aminophylline solution. 

Methods for the determination of plasma and urine 
osmolalities and inulin and electrolyte concentrations 
were similar to those previously described from _ this 
laboratory (24). 

The osmolal (Cosm) and the clearance of 
free water (Cy.0) or nonsolute obligated water clearance 
were calculated from the following formulas (9) : 


UosmV 


I 


CH20 =V- 


clearance 


oan 


where Ussm represents osmolal concentration of urine, 
P.sm = osmolal concentration of plasma, and V is the 
urine flow in milliliters per minute. Throughout the re- 
mainder of the paper the terms nonsolute obligated or 
free water clearance will be used interchangeably with 
and osmolal clearance with 


RESULTS 


I. Control experiments (Table I; Figure 1). 
In Table I, one typical control experiment (A.L.) 
reveals that the hydrating technique used in these 
studies produced a relatively constant rate of sol- 
ute and free water clearance with Cy.o and Cosm 
varying less than 2 and 1 ml per minute, re- 
spectively, for approximately 3 hours. In the 
second type of control study, the administration of 
mannitol, urea or sulfate produced a consistent in- 
crease in Cy.0 aS Cysm progressively rose (Table 
I; Figure 1). In the four subjects receiving the 
mannitol solution, the increment in Cy.0 averaged 
3.9 ml per minute coincident with an average in- 
crease in Cy. of 8.1 ml per minute. In the three 
subjects receiving the sulfate solution, the increase 
of Cy.o averaged 5.6 ml per minute and that in 
Cosm averaged 6.6 ml per minute. The increments 
in Cy0 and Cy. averaged 3.6 and 7.4 ml per min- 
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EFFECTS AND SITE OF ACTION OF MERALLURIDE IN HYDRATED MAN 


TABLE I 


The effect of nonspecific solute diuretics on solute and free water clearance in hydrated man * 


Urine solute and water excretion 


Free water 


Urine “Solute 

osmolarity Urine clearance clearance 
Subject Time (U) flow (V) (UV/P) (CH20) 
min L ml/min ml/min 

A.L. Control 59 18.2 4.1 14.1 

0-18 57 18.8 4.1 14.7 

18-40 19.1 4.0 15.1 

40-62.5 57 20.2 4.4 15.8 

62.5—79 18.1 3.4 14.4 

79-99 33 19.2 3.9 15.3 

99-117.5 58 18.6 4.1 14.5 

117.5-136 60 19.1 4.4 14.7 


w 
~ 


Control 48 18.2 


0-30 49 19.6 35 16.1 

30-45 57 4.6 17.3 

45-61 62 2.0 5.1 17.4 

61-75 67 23.1 5,4 17.4 

75-91 74 24.9 6.7 18.2 

91-104 93 29.7 10.1 19.6 

104-120 100 33.5 12.4 21.1 

AX. Control 35 19.0 24 16.3 


i 
0-20 2 21.8 pe 19.5 
20-30 30 19.7 
30-41 40 24.3 4.0 20.3 
52-62 34.5 9.3 25.2 


Control 


0-16 3.3 

16-26.5 82 20.5 6.3 14.2 
26.5-37 95 23.9 8.5 15.4 

37-47 8.9 15.6 


Control 


i.V. 


20.5 239 17.6 

10-28 38 15,2 
28-46.5 37 18.1 2.9 15.6 
46.5-69 27 16.5 1.7 14.8 
69-91 22 15.7 1.3 14.4 
91-115.5 22 15.8 1.3 14.5 
115.5-137 22 15.4 ie 14.1 
137-157 22 16.1 13 14.8 
157-175.5 22 13.2 14.0 


* In each study, the control values represent the average of three 15-minute control periods. Subject A.L. represents 
one typical control experiment demonstrating that the standard hydrating technique maintained CH20 and Cosm relatively 


constant for approximately 3 hours. The remaining experiments comprise one typical example of each of the nonspecific 
solute diuretics. 


ute, respectively, in the three subjects to whom (Table I; Figure 1). The maximal peak incre- 
urea was administered. ment in Cy.o and Cosm averaged 5.8 and 2.4 ml 

The administration of aminophylline produced per minute, respectively. Within 45 to 60 min- 
a prompt but transient increase in Cy.0 and Cysm utes these abrupt changes had subsided. 
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II, Water load; meralluride (Tables II, III; 
Figures 1, 2 and 3). In the 21 experiments in 
this group the intravenous administration of meral- 
luride caused a two-phase response. The first 
phase consisted of an immediate increase in urine 
flow and a more modest increase in solute clear- 
ance (Table II; Figures 1A, 2 and 3). The peak 
increments in V, Cy.o0, and Cysm which occurred 
15 to 30 minutes after the administration of the 
drug, averaged 5.9, 4.4, and 1.5 ml per minute, 
respectively. Thereafter, the changes tended to 
subside, and within 45 to 60 minutes these param- 
eters had returned toward control pre-injection 
levels. 

A second, more sustained, and larger solute 
diuresis began approximately 60 minutes after 


4 
2k 
mi. /MIN. 
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the injection of meralluride and approached its 
maximum within 90 to 120 minutes (Table II; 
Figures 1B, 2 and 3). In 17 of the 21 subjects, 
this phase was characterized by a progressive and 
similar increase in solute clearance and urine flow 
so that at the point of maximum solute diuresis, 
the Cy.o values were virtually identical with those 
observed during the pre-injection control periods. 
This constancy of Cy.9 obtained despite an indi- 
vidual variation in control Cy.9 values from 6.5 to 
23.9 ml per minute. In these 17 experiments, the 
coincident peak increments of V and Com above 
control values averaged 8.9 and 9.2 ml per minute, 
respectively (Table IIL). The similarity of these 
values expressed the agreement between control 


and final values for Cy.o. In the majority of 


AMINOPHYLLINE 
e——e MERALLURIDE 


e———e SULFATE 


COSM mi./MIN. 


3 MANNITOL 
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THAT NOTED DURING THE FIRST PHASE OF MERALLURIDE DIURESIS IN THREE SUBJECTS. 


A. THE AVERAGE CHANGE IN Cro AND Cosm PRODUCED BY AMINOPHYLLINE COMPARED TO 


B. THE CHANGES 


IN Cu AND Cosm PRODUCED BY A NONSPECIFIC SOLUTE DIURETIC COMPARED TO THOSE NOTED DURING THE 


SUSTAINED PHASE OF MERALLURIDE DIURESIS., 


The connected points represent the changes produced by 


the designated nonspecific solute diuretic administered in the control state or during meralluride diure- 
sis. The unconnected points represent the absolute difference between the premeralluride control levels 
and the observed values throughout the sustained phase. 
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EFFECTS AND SITE OF ACTION OF MERALLURIDE IN HYDRATED MAN 


TABLE II 


The effect of meralluride on solute and free water clearance in hydrated man * 


Urine solute and water excretion 


Free water 
clearance 


Urine Solute 
Urine 


Subject Time 
min 


C.R. Control 


0-7 
14-22 
22-41 
41-58 
58-77.5 

77.5-95 
95-113 
113-130.5 
130.5-149 
149-176 


Control 


0-14 
14-33 
33-50 
50-65.5 

65.5-79.5 
79.5-95.0 
95.0-107 


Control 


0-14 
14-33.5 
33.5-52.5 
§2.5-71.5 
71.5-90.5 
90.5-109.5 

109.5-129 
129-148 
148-172 


osmolarity clearance 
(UV/P) 


flow (V) 


mOsm, 1. ml/min ml/min ml/min 


57 12:3 2.6 9.7 


Meralluride i.v., 3.0 ml 


19.1 
53 14.7 
51 11.6 
92 15.8 
138 23.6 
159 29.8 
162 29.8 
160 
150 25.2 
142 24.1 


Nw 
KNAW OC 


w 


50 16.3 


Meralluride i.v., 3.0 ml 


22.4 
19.1 
17.9 
19.2 
24.0 
26.8 


18.7 


Ww 
CONOA WaT 


Meralluride i.v., 3.0 ml 


49 22.0 
43 19.2 
18.0 
91 
129 
143 
143 
141 
141 


these 17 experiments, the abrupt increase in Cy.,0 
noted during the first phase of meralluride re- 
sponse had disappeared before the second phase 
began. Thereafter, Cy.9 remained constant at 
control levels during the three to four periods that 
solute clearance and urine flow were progressively 
increasing. 

In four experiments (Table III, Subjects J.S., 
A.R., E.G. and T.W.; Figure 3) the second phase 
of meralluride diuresis was associated with a fall 
in Cy.9 so that, at the peak of the solute diuresis, 
the calculated Cy.9 values were distinctly lower 
than those recorded during the pre-injection con- 
trol periods. In these four subjects, the peak in- 


* In each study, the control values represent the average of three 15-minute control periods. 


crements in V and C,., averaged 4.9 and 10.2 ml 
per minute, respectively, accounting for the cal- 
culated fall in Cy.o. However, it appeared that 
in these subjects a sharp decrease in Cy.9 oc- 
curred toward the end of the first phase of meral- 
luride diuresis, prior to the development of the 
major portion of the solute diuresis (Figure 3). 
Specifically, Cy.o fell an average of 4.7 ml per 
minute below control pre-injection values, while 
the Cysm increase averaged 1.9 ml per minute. 
Thereafter, as the major increase in solute ex- 
cretion occurred, V and C,.m rose an average of 
8.1 and 8.6 ml per minute, respectively. As with 
the 17 subjects previously described, Cy.0 tended 
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to remain fixed, albeit at levels below control 
values during the development of the major por- 
tion of the second phase of the solute diuresis. 

The rates of sodium, chloride and potassium 
excretion were determined in 14 experiments. 
The maximal increase in the rate of sodium and 
chloride excretion averaged 1,250 and 1,370 pEq 
per minute, respectively. This increment, calcu- 
lated as solute clearance of these ions, equaled 9.9 
ml per minute, which represents 111 per cent of 
the mean increment in C,., measured in these 
same experiments. Changes in the rate of potas- 
sium excretion during the second phase of meral- 
luride diuresis were variable, tending to rise in 
six, fall in five, and remain unchanged in three 
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experiments. In those experiments in which the 
rate of potassium excretion decreased, control 
rates averaged 61 »Eq per minute and fell to 26 
pEq per minute. In the experiments in which 
the rate of potassium excretion increased, the con- 
trol levels averaged 25 »Eq per minute and rose 
to 57 wkq per minute. In the three experiments 
in which the rate of potassium excretion was un- 
changed, the control rates of potassium excretion 
were intermediate in value, averaging 35 pEq per 
minute. It appeared that potassium excretion de- 
creased in those experiments in which control 
rates were relatively high, and the converse ap- 
peared true when the control rates of excretion 
were low. 


TABLE III 


Summary of the effect of meralluride on solute and free water clearance in hydrated man: 


effect of superimposed nonspecific solute diuretic 


Subject 


CR: 


* 


Subject 
M.L. 
Mannitol 


Git. 


~ 


Mannitol 


Mannitol 


CD; 


—_ 


Mannitol 
E.C. 
Sodium sulfate 


SAs. 


Dw NON 


— 


Urea 


Urea 
A.R. 
Aminophylline 


E.G. 


1 
2 
3 


Aminophylline 


1 represe nts the average of three control periods; 2 represents the CH20 and Cosm during the maximum sustained 
meralluride diuresis; and 3 represents the effect on CH20 and Cosm of a superimposed nonspecific solute diuretic during 


sustained meralluride diuresis. 


ips 
| 9.7 2.6 1 13.1 4.2 
ide ie 2 10.4 19.4 2 13.6 13.0 ages 
3 17.3 17.1 
LG. 1 13.3 3.0 | 13.5 3.1 
2 14.0 12.8 2 12.8 10.7 
23.9 5.6 1 12.1 9 
2 24.6 12.4 2 11.2 
10.2 2.8 1 14.6 8 
oe 2 10.8 15.1 2 14.2 7 eo 
T.H. 1 12.1 2.8 1 12.7 
2 11.1 14.9 2 11.1 3 
1 6.5 2.4 1 16.7 6 
2 6.4 12.0 2 16.7 
a J.P. 1 15.2 3.7 E.D. 1 11.8 3.9 es: 
sag 2 16.2 11.2 2 11.4 8.2 oi 
Urea 3 17.3 17.9 
| 
| 
| 13.2 3.3 ys. 4 18.0 3.7 
2 12.7 10.6 2 45.5 10.7 
3 15.7 13.2 
E.0. 1 10.5 2.7 1 12.2 2.5 
en 2 8.9 13.5 2 6.3 14,2 a 
3 7.2 15.4 
TW. 1 15.0 3.7 13.8 24 
es 2 11.1 14.9 8.6 14.4 a 
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Glomerular filtration rate was determined in 15 
of the 21 experiments in group II. No consistent 
changes occurred as a result of meralluride ad- 
ministration. Throughout all these studies, there 
occurred a consistent and progressive diminution 
in serum osmolality, so that at the end of the ex- 
the osmolality averaged 13 
mOsm per L less than control values. A com- 
parable diminution in serum osmolality occurred 
in those four experiments in which Cy,0 fell co- 
incident with the development of the sustained 
meralluride-induced solute diuresis. 

III. Water load; meralluride with superimposed 
nonspecific solute diuretics (Table IV; Figures 


periments serum 


CR 


o—o V(mi/min.) 
CHp0(mi/min.) 
e—e COSM(mi/min.) 


mi/min. 


30 60 90 120 150 180 210 240 
TIME ( MINUTES ) 


-60 

Fic. 2. EFFECT OF MERALLURIDE ON V, Cro AND Cosm 
IN HYDRATED suBJECT C.R. This experiment is typical 
of the majority of subjects in whom Cro remained at 


control pre-injection levels during the sustained meral- 
luride diuresis. 


1B and 4). In 10 of the 21 experiments described 
in section II above, a nonspecific solute diuretic 
was administered during the sustained phase of 
meralluride diuresis, after solute clearance had in- 
creased markedly and Cy. was stabilized at or be- 
low pre-injection control levels. In seven of these 
ten studies, an increase in Cy. averaging 5.2 ml 
per minute produced an increase in Cy.o averag- 
ing 3.9 ml per minute (2.9 to 5.9 ml per minute). 
The further increase in Cygm in these seven ex- 
periments represented 67 per cent of the mean in- 
crement noted during the sustained phase of the 
meralluride saluresis. In three experiments, the 
administration of the nonspecific solute diuretics 


T.W. 


o—o V(mi/min.) 
o—o CH20(mi/min.) 
e—e COSM(mi/min.) 


mi/min. 


-60 -30 0 30 60 90 120 150 180 210 
TIME ( MINUTES) 

Fic. 3. EFFECT OF MERALLURIDE ON V, Cuoo AND Cosm 
IN HYDRATED suBJECT T.W. This experiment is typical 
of the few subjects in whom Cy.o fell below control pre- 
injection levels prior to the development of the major 
portion of the solute diuresis. 


did not produce a distinct increase in Cy,o. In 
these three subjects (J.S., A.R. and E.G.) Cy.o 
had fallen below pre-injection control levels be- 
fore the major portion of the meralluride diuresis 
occurred, 


DISCUSSION 
These experiments help to explain why some 
observers have noted a consistent increase in Cy.0 


GC. 


o—o 
CH20 
COSM e——e 


MANNITOL 


mL/MIN. | 


10 


COSM 


-30 0 30 60 90 120 150 180 210 
TIME 


Fic. 4. EFFECT OF MERALLURIDE ON V, Cuzo AND Cosm 
IN HYDRATED SUBJECT G.C.—EFFECT OF A SUPERIMPOSED 
NONSPECIFIC SOLUTE DIURETIC. At the second arrow, the 
nonspecific solute diuretic was administered. 
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TABLE 


IV 


The effect of a superimposed nonspecific solute diuretic during sustained meralluride diuresis * 


Urine solute and water excretion 


Urine 
osmolarity 
Subject Time (U) 
mOsm, L 


69 


min 


M.L. Control 


Free water 
clearance 
(CH20) 


Solute 
Urine clearance 
flow (V) (UV/P) 


ml/min 


13.1 


ml/min 


4.2 


ml/min 


17.3 


Meralluride i.v., 3.0 ml 


0-8.5 

86-101 
101-115.5 
15.5-126.5 
26.5-137.5 
37.5-147.5 


150 


150-158.5 
158.5-169.5 

180-189.5 
189.5-197 


Control 


Mannitol infusion i.v. 


26.1 
30.9 
33.8 
34.4 


16.6 


Meralluride i.v., 3.0 ml 


90-100.5 
100.5—114.5 
114.5-130 

130-146 
146-152 


153 


153-163 
163-173 
173-183 
183-191 


= 


23.0 


4. 

3.4 
3.6 
3.5 
5.2 
3.8 
4.0 
3.6 
5.7 
6.9 
9.2 
0.7 


a3: 
17. 
1 
1 17.9 


* These studies represent the results in two typical experiments. In each study, the control values represent the 


average of three 15-minute control periods. 


after the administration of meralluride in man 
(7.8). 
ance appears to be transient in nature and is as- 
The sub- 


The prompt increase in free water clear- 


sociated with a modest solute diuresis. 
sequent, more sustained and greater solute diure- 
sis occurs predominantly without an increase in 
Cy.0. The specific changes observed in free water 
clearance will therefore depend on whether the 
early or delayed phase of meralluride response is 
subjected to analysis. 

The similarity between the immediate response 
to the administration of meralluride and that pro- 
duced by an equal quantity of aminophylline sug- 
gests that the first phase of meralluride diuresis 


represents a theophylline effect (Tables I and IT; 
Figure 1). Prompt increases in the rate of salt 
and water excretion have been described after the 
intravenous administration of xanthine diuretics 
in man (23, 25). Assuming that theophylline 
produces an abrupt but transient increase in the 
quantity of isosmotic fluid escaping proximal tu- 
bular reabsorption, Cy.0 would be expected to 
a major fraction of this additional solute 
load is absorbed in the early distal tubule. Simi- 
lar experiments performed in this laboratory with 
nontheophylline-containing mercurials do not re- 
veal this transient first phase (26). 

The second phase of meralluride diuresis is 


rise as 


738 
57 19.4 3.9 15.5 
138 24.5 12.1 12.3 
137 26.6 13.0 13.6 
ae 132 26.5 12.5 14.0 a 
127 25.6 11.7 13.9 
re 1 124 25.8 11.5 14.3 
et 123 11.5 14.6 oe 
137 15.2 15.7 
140 17.0 16.8 
138 17.1 17.3 
26.5-37 48 20.5 16.9 
37-47 48 20.2 16.7 
57-67 48 18.2 15.0 
: 67-79 54 19.2 15.4 
79-90 57 19.1 15.1 
62 15.8 12.2 
85 18.2 12.5 
97 19.2 123 
109 22.8 13.6 
422 23.5 12.8 
129 28.2 
4 
| 
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characterized by a relatively constant Cy.0 at or, 
less frequently, below control levels during the 
development of a more pronounced solute diure- 
sis (Tables II-I1V ; Figures 1-4). It does not ap- 
pear that this sustained saluresis can be explained 
by a primary proximal tubular action of meral- 
luride. In the control studies presented here 
(Table 1; Figure 1), the infusion of mannitol, 
sodium sulfate, urea and aminophylline has con- 
sistently increased Cy.0 aS Cosm rises through a 
range comparable to that observed during the sec- 
ond phase of meralluride diuresis. Micropunc- 
ture studies have also demonstrated the capacity 
of the distal tubule to absorb considerable quan- 
tities of an additional load (16). 

Nor can the sustained phase of meralluride diu- 
resis be attributed to an action primarily at the 
water-clearing segment of the distal tubule. The 
inhibition of salt absorption at this site would be 
expected to reduce Cy.9 as the solute clearance 
increased, This fall in Cy.0 might be partially 
obscured by the more distal absorption of a frac- 
tion of this excess salt or by the influence of the 
increased salt concentration in diminishing sub- 
sequent back diffusion of water (27). However, 
it is likely that as salt excretion increased, some 
relation between the changes in Cyxm and Cy.0 
No such relation was observed in 
these studies. It seems warranted, therefore, to 
conclude that the sustained phase of meralluride 
diuresis may not be attributed to a major action 
solely at the proximal tubule or at the water- 
clearing segment of the distal tubule. 

The characteristics of the delayed phase of 
meralluride diuresis could be explained by a bal- 
ance of depressive effects on salt absorption in the 
proximal tubule and in the water-clearing site of 
the distal tubule. Specifically, meralluride would 
limit salt absorption at the latter site to approxi- 
mately that rate in operation during the control 
period. The simultaneous inhibition of proximal 
salt and water absorption would then pert it the 
rejected isosmotic fluid to pass through the distal 
tubule as if the latter were an inactive conduit. 
Although such a balance of effects would explain 
much of the observed data in which Cy.9 remained 
at control levels as solute excretion rose, this hy- 
pothesis is difficult to defend. If the major por- 
tion of the saluresis is derived from the proximal 
tubule, the salt concentration of the fluid reaching 


would obtain. 
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most of the distal tubule would rise progressively. 
It would be anticipated that a variable fraction 
of this additional load would be absorbed distally, 
thereby increasing Gy,9. In addition, a rise in 
distal tubular salt concentration would be ex- 
pected to limit back diffusion of water (27), also 
tending to increase Cy,9. In support of these 
predictions is the observation that during this 
phase of meralluride diuresis, the administration 
of a nonspecific solute diuretic usually augmented 
Cy.o (Tables III and IV; Figure 4). 

Finally, it is conceivable that a progressively 
greater inhibition of salt absorption at the water- 
clearing site coincident with proximal inhibition 
would counterbalance the factors tending to in- 
crease Cy,0 later in the distal tubule. This hy- 
pothesis would demand that two opposite effects 
consistently neutralize each other's influence on 
Cy.9 at varying rates of solute excretion. 

Therefore, the possibility that the sustained 
phase of meralluride diuresis is explicable by a 
balance of proximal and distal effects, while not 
excluded, presents serious limitations. It seems 
in order to consider an alternate explanation for 
these findings. 

The relative independence of Cy.0 during the 
development of the meralluride-induced saluresis 
suggests that this agent may alter the rate of tu- 
bular salt and water reabsorption at a site distal 
to the water-clearing segment of the distal tubule. 
Such a hypothesis would explain the relative con- 
stancy of the Cy.o regardless of its precise level 
at the onset of the diuresis, since free water would 
be generated proximal to the major site of meral- 
luride action. This hypothesis would be consistent 
with the rise in Cy.9 observed when nonspecific 


solute diuretics sweep more absorbable solute into 


the water-clearing segment of the distal tubule. 
In the several experiments in which Cy.0 fell be- 
low control levels prior to the onset of the major 
fraction of the salt diuresis (Table II; Figure 3), 
an additional earlier modest restriction on salt ab- 
sorption in the water-clearing site would be im- 
plied.* 
3 It is conceivable that this fall in Cu.o which preceded 
the major solute diuresis was caused by the formation of 
endogenous ADH. However, the relative constancy of 
the Cu.o thereafter and the falling serum osmolalities 
argue against an ADH effect. If such a fall in Cro 
were due to the formation of some ADH and the sub- 
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This alternate explanation of the meralluride 
diuresis also presents serious problems. The 
similarity between the increment in Cy, and V 
during the development of this diuresis (relative 
constancy of Cy.o) would demand that salt and 
water be absorbed in approximately isosmotic 
proportions at this late distal site, despite the ab- 
sence of ADH. Micropuncture studies suggest 
that the segment of the distal tubule least perme- 
able to water extends from the tip of the ascend- 
ing loop of Henle to the beginning of the distal 
convoluted tubule (15, 16, 28). It is probable 
that this is the segment of the distal tubule in 
which free water is formed. The proposed site 
of isosmotic salt and waier absorption would then 
have to be beyond the beginning of the distal con- 
voluted tubule. 

Micropuncture data in hydrated animals which 
might be used to support or negate this hypothesis 
are sparse. Those which are available show that 
tubular fluid tonicity promptly falls to half that of 
plasma in the early distal tubule (15). It remains 
at that level until, at a more distal area, tubular 
fluid tonicity again falls progressively, approach- 
ing the ultimate concentration of urine or ap- 
proximately one-fourth that of plasma (15). 
While it has been assumed that this further dilu- 
tion is due to the continued extraction of salt at 
a water-impermeable segment, a comparable de- 
gree of dilution could be reached by extracting 
isosmotic fluid from a dilute tubular fluid. It is 
difficult to envision a process by which salt and 
water are absorbed late in the distal tubule in ap- 
proximately isosmotic proportions from a variably 
dilute parent fluid. The only isosmotic absorptive 
process thus far demonstrated by micropuncture 
has been localized within the proximal segment. 
In this instance, the fluid from which absorption 
takes place is likewise isosmotic. Net movement 
of water is assumed to be dependent upon osmotic 
gradients established by active transport of  sol- 
Were 


such a membrane present distal to the site at which 


ute across a freely permeable membrane. 


free water is formed, it would be difficult to ex- 
plain the persistent hypotonicity of the urine. 
Therefore, the hypothetical process suggested here 


sequent solute diuresis did not enhance Cu.o (27), these 


observations would also suggest that the solute diuresis 
derived from a site distal to the water-clearing seg- 
ment. 
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would have to feature a constant relation between 
the quantity of salt and water absorbed per unit 
time regardless of the intratubular salt concen- 
tration. Although some correlation between sol- 
ute and water absorption has been observed in 
the gastrointestinal tract, frog skin and toad 
bladder (29-32), the exact relation remains to 
be elucidated. 

On the basis of stop flow experiments in the 
dog, it has been reported that the primary action 
of the organomercurials is localized in the proxi- 
mal tubule (11, 12). However, the use of this 
method to evaluate proximal changes is subject 
to considerable doubt. The alleged proximal ef- 
fect may be due to the subsequent influence of 
altered distal tubular function as the proximal 
fluid passes this latter site when flow is resumed. 
A reduction in distal tubular activity might be 
obscured by the prolonged contact between the 
distal tubular fluid and the adjacent tubular wall. 
Furthermore, as with other mercurial effects, it 
is possible that a species difference exists in the 
site of inhibition of salt absorption between man 
and dog. 

In summary, two alternate hypotheses are 
presented to explain the delayed phase of the 
meralluride diuresis. One demands a unique bal- 
ance of proximal and distal tubular effects. The 
other places the major action in a segment distal 
to the water-clearing site, assuming that salt and 
water are absorbed in relatively isosmotic pro- 
portions at this segment. Although the latter 
hypothesis explains the observed facts more com- 
pletely, it demands the existence of a process 
which has not been demonstrated. 


SUMMARY 


1. In control studies in hydrated subjects it 
was demonstrated that the infusion of a “non- 
specific solute diuretic,” such as mannitol, sul- 
fate, urea or aminophylline produced a consistent 
increase in Cy.0 aS Cosm TOSE. 

2. In 21 comparably hydrated subjects, the in- 
travenous administration of meralluride caused 
a two-phase response. The first phase was char- 
acterized by a prompt increase in V, Cy,0 and Cosm 
with peak increments averaging 5.9, 4.4 and 1.5 
ml per minute, respectively. These changes tended 
to disappear within 45 to 60 minutes. Thereafter, 
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there occurred a much larger and more sustained 
diuresis. In 17 of these subjects, the peak in- 
crements in V and Cam averaged 8.9 and 9.2 ml 
per minute, respectively, so that Cy.o values dur- 
ing this maximal diuresis were virtually identical 
with those calculated during the pre-injection con- 
trol periods. In four of these subjects, Cy.o fell 
to levels below control values immediately prior 
to the development of the major portion of the 
solute diuresis, but again remained relatively 
fixed during the saluresis. 

3. In 10 of the 21 subjects described above, a 
nonspecific solute diuretic was administered dur- 
ing the delayed phase of meralluride diuresis. In 
seven of these experiments, a further increase in 
Cosm, averaging 5.2 ml per minute, produced an 


average increase in Cy.o of 3.9 ml per minute. 
4. The first phase of meralluride response seems 
best explained by the theophylline contained 


within meralluride. 


are presented to explain the characteristics of the 


Two alternate hypotheses 
sustained phase of meralluride diuresis. 
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DEVELOPMENT OF INCREASED FACTOR VII ACTIVITY DURING 
THE SPONTANEOUS COAGULATION OF BLOOD 


3y CHARLES L. JOHNSTON, Jr.* anp PETER F. HJORT 


(From the Institute for Thrombosis Research, University Hospital (Rikshospitalet), 


During the spontaneous coagulation of normal 
blood, in the absence of tissue thromboplastin, 
Factor VII (proconvertin) activity increases 2.5 
to 3 times. This is specific for Factor VII and 
not related to possible changes in Factor X (Stu- 
art factor) (1). Hougie (2) made the same ob- 
servation and added that Factes VII activity de- 
veloped normally during clotting of blood deficient 
in Factor X, 

The development of Factor VII activity in blood 
from patients with coagulation disorders was 
studied by Aas (3) and Hougie (2). In addition, 
there are conflicting reports of Factor VII assays 
on serum from patients with coagulation abnor- 
malities (4-7). Such variations might be technical 
but could also depend upon the disorder stud- 
ied. Therefore, the development of increased Fac- 
tor VII activity during clotting of blood from var- 
ious patients, encompassing most known coagu- 
Using a 
standardized technique, it was found that some 
clotting factors are necessary for the development 
of increased Factor VII activity, while others ap- 
pear to be unnecessary. 


lation disorders, has been investigated. 


MATERIALS AND METHODS 


Bovine thrombin (Topostasin, Roche, Ba- 
sel) was The untreated preparation contained 
slight Factor VII activity. Therefore, it 
stituted to 100 NIH U per ml, adsorbed with 100 mg 
BaSO, per ml, and centrifuged at 40,000 rpm (144,000 x 
G) for 60 minutes. When 0.2 ml of this preparation, 
containing 10 NIH U per ml, was added to 1.8 ml normal 
or Factor VII deficient blood, clotting occurred within 
30 seconds, and the Factor VII assay results were not 
was sufficient 


Thrombin. 
used. 
was recon- 


altered. This concentration of thrombin 
to clot an equal volume of plasma in less than 10 seconds. 
Thromboplastin. Saline-extracted human brain was 


prepared by the method of Hjort (8). 
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Human proconvertin reagent. This was prepared from 
normal human serum by the technique of Hjort (8). 
Bovine proconvertin reagent. This was an eluate of 
bovine serum (9). This preparation and the human pro- 
convertin preparation (above) considerable 
amounts of Factors IX and X. 
“contaminants” does not alter the interpretation of data 


contain 
The presence of these 


resulting when these preparations are used (see Figure 
2). 

Adsorbed, Seits-filtered ox plasma. 
ent in Factor VII and prothrombin, prepared according 
to Hjort (8), served as a potent, constant source of Fac- 
tor V in the Factor VII assay. 

Normal blood. Blood samples from 5 donors (labora- 
tory personnel), without coagulation abnormalities, were 


Ox plasma, defici- 


used as normal. 

Deficiency blood. Factor deficient blood was provided 
by the following patients: 5 Factor IX (PTC), 5 Fac- 
tor VIII (AHF), 1 Factor VII, 1 Factor V, and 1 
PTA deficient. The diagnoses were based on history, 
clinical examination, mixing experiments, and_ specific 
assay of the deficient factor. Clinically, all patients had 
severe deficiencies, with the level of the deficient factor 
less than 2 per cent of normal. Patients deficient in 
Hageman factor and Factor X were not available for 
study. 
were studied for Factor VII activity. 
serum was provided by Mr. Herman Rierson, Chapel 
Hill, N. C., and Stuart (Factor X) deficient sera by Drs. 
J. B. Graham, Chapel Hill, N. C., C. Hougie, Charlottes- 
ville, Va., and J. Roos, Utrecht, Holland. Patient J. P. 
(10) was used as the source of Factor VII substrate. 
This plasma was stored at — 20° C until thawed for use 


In these instances, lyophilized serum samples 
Hageman trait 


in the Factor VII assay. 

Precollection preparation. Three series of new 16 X 95 
mm tubes were prepared. The first 
0.2 ml physiological saline in each of 6 tubes, and the 
first tube contained, in addition, 0.2 ml of 3.1 per cent 
sodium citrate dihydrate. The second series had 0.2 ml 
of 1:10 thromboplastin per tube, with 0.2 ml of 3.1 per 
cent citrate in the first tube as well. The third series 
had 0.2 ml of 10 NIH U per ml thrombin in each tube, 
with citrate in the first tube, as in the other series. 

Collection of blood. The blood was drawn into 20-ml 
glass syringes (comparable results were obtained with 
siliconized syringes), distributed quickly into prepared 
tubes, 1.8 ml per tube, and incubated at 37° C. The 
zero time was the time of addition of blood to the first 
tube. At the stated incubation time (5,.15, 30, 60 or 
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WITH 


Fic. 1. 
DURING CLOTTING 
CURVE 2 


ADDED: 


SALINE, 
(O———O) ; AND THROMBOPLASTIN, CURVE 3 (X 


DEVELOPMENT OF INCREASED Factor VII Activity 


CURVE 1 (-————-); THROMBIN, 


Five 


X ) 


subjects were studied and the range of the results for each of the additives 


is indicated by broken lines at each incubation time. 


The curves were con- 


structed by connecting the points representative of the average of the de- 


terminations for each incubation time. 


120 minutes), 0.2 ml of 3.1 per cent citrate was added 
to the appropriate tube and mixed well. For one special 
experiment, 0.2 ml of 30 mM EDTA was substituted for 
the citrate. As soon as possible after anticoagulant ad- 
dition, the samples were centrifuged at 2,500 rpm (1,700 
<G) for 5 minutes, diluted, and assayed in the specific 
Factor VII assay. 

Factor VII 
ously used (1). 
in Dilution Fluid II (8) and then mixed with an equal 
One-tenth 


was added to 


This test was similar to that previ- 
The test sample usually was diluted 1: 10 


ISsay. 


volume of adsorbed, Seitz-filtered ox plasma. 
ml of this mixture (final dilution 1: 20) 
0.1 ml of Factor VII deficient plasma and 0.1 ml of 
thromboplastin of optimal concentration. After 3 min- 
utes at 37° C, the mixture was recalcified with 0.1 ml of 
35 mM CaCl, (optimal), and the clotting time recorded. 
Different dilutions of normal, human plasma were as- 
sayed to construct a standard curve for conversion of 
clotting times to per cent. This was a straight line on 
a logarithmic scale. 


RESULTS 


1. Normal blood. 
and also the work of Aas (3), suggested that Fac- 
tor VII activity increases little, or not at all, during 
coagulation of blood with certain clotting defects. 


Preliminary experiments, 


This could be the result of impaired or slow throm- 
hin production common to nearly all such dis- 
orders. Alternatively, some defect in plasma 
thromboplastin formation could be responsible. 


The studies to be presented were designed to ex- 


plore these possibilities and determine what, if 
any, effect preformed thrombin and tissue throm- 
boplastin had upon the results. Therefore, each 
blood was incubated with three different addi- 
tives: 7) 1/10 volume of saline, 2) 1/10 volume 
of thrombin (10 NIH U per ml), 3) 1/10 volume 
of thromboplastin (diluted 1/10 in saline). The 
blood clotted after 5 and before 15 minutes of in- 
cubation in the first series, and within 30 seconds 
in the second and third series of tubes. The con- 
centration of thromboplastin used produced only 
a slightly greater than normal increase in Factor 
VII activity (see Figure 1). More concentrated 
thromboplastin produced up to tenfold increases 
in Factor VII activity (3). At intervals, the reac- 
tions were stopped by citrate addition, and the 
Factor VII activity of that sample determined. 
To confirm previous work (1), and to estab- 
lish the effect of the various additives upon the 
development of increased Factor VII activity in 
normal blood, five normal samples were studied. 
Figure 1 shows the average and the range of these 
results. Curve 1, saline addition, is comparable 
to previous studies of normals (1, 3) and may be 
considered as the control. Curve 2, thrombin ad- 
dition, shows that preformed thrombin did not 
alter the normal pattern, even though the clotting 
times of the samples were reduced. Curve 3, 
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thromboplastin addition, shows a maximum that 


is reached more rapidly and is slightly greater 
than that of curves 1 and 2. 

On one normal, an additional experiment was 
performed in the same manner, except that ci- 
trate, plus the usual additives, was present in all 
tubes prior to the addition of blood. In each se- 
ries there was only slight, gradual development of 
Factor VII activity, toa maximum of 130 per cent 
in 2 hours. Therefore, surface activation of Fac- 
tor VII (11) is not directly responsible for the 
development of increased Factor VII activity dur- 
ing coagulation. However, surface reactions, me- 
diated through 
important role 


the clotting mechanism, play an 
in the development of such ac- 
tivity (see below). These experiments further 
show that preformed thrombin has little influence 
on the activation of Factor VII. 

EDTA, which is a more effective decalcifying 
agent than citrate (8), was used as the anticoagu- 
The 


results were intermediate (maximum activity, 184 


lant in another experiment on a normal. 


per cent) between those of the above and_ the 
usual experiments with citrate (Figure 1). These 
findings suggest that the presence of calcium is 
important for the development of increased Factor 
VIL activity. 


2. Factor VII (proconvertin) deficiency. Aas 
(3) reported that hypoproconvertinemic blood de- 
veloped negligible proconyertin activity during 
clotting. 
cient blood was studied in the usual way, see 
Figure 2A. 
were similar to those of the normal study. 


In the present study, Factor VII defi- 


The clotting times of the samples 
In no 
instance was there more than a minimal increase 
(up to 12 per cent) in Factor VII activity. 
Although none has been reported, a specific in- 
hibitor might be responsible for Factor VII de- 
ficiency. One-tenth vol of proconvertin (Factor 
VIL) reagent was added to Factor VII deficient 
blood and the developed activity studied. Two 
preparations, one of human and one of bovine ori- 
gin, were used, [ach contained, compared to nor- 
mal plasma, about 200 per cent of the factor. 
Figure 2B shows the results. Both of the prepara- 
tions were activated to two to three times the origi- 
nal concentration during the clotting of the blood. 
Thrombin addition to the bovine preparation did 
The difference between 
the preparations perhaps may be due to species dif- 


not alter the activation. 
ferences. However, regardless of the preparation 
used, it can be seen that in Factor VII deficiency 
there is no lack of ability to activate the factor, if 
it is provided. 


% Factor Yili 


70 80 90 100 10 = 120 


Incubation Time (min) 


Fic. 2. 
Tor VII activity 
(> 
bovine Factor VII, curve 5 (_/+ 
thrombin, curve 6 (™ 


Factor VII DEFICIENT BLOOD—DEVELOPMENT OF INCREASED 
A. Additives used: 
+); thrombin, curve 2 (O————-O); and thromboplastin, curve 3 
B. Additives used: human Factor VII, curve 4 (A———A) ; 


DURING CLOTTING. 


Fac- 
saline, curve 1 


}); and bovine Factor VII plus 


4 
2 
B 
60 
: 
| 
a 5 
30 
¢ | 
: A 
10 mw 
3 
0 10 20 30 40 50 0 


CHARLES L. JOHNSTON, JR. AND PETER F. HJORT 


300! 


% Factor VII 


10 20 30 40 50 60 70 8 90 100 120 
Incubation Time (min) 


Fic. 3. Factor [1X DEFICIENT BLOOD—DEVELOPMENT OF INCREASED FACTOR 
VII ACTIVITY DURING CLOTTING WITH ADDED: SALINE, CURVE 1 (+-———-); 
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Five subjects were studied and the range of the results, for each of the ad- 
ditives, indicated by broken lines at each incubation time. The curves were 
constructed by connecting the points representative of the average of the 
determinations for each incubation time. 


3. Factor IX (PTC) deficiency. Previous 
studies suggested that the development of Factor 
VII activity may be impaired in hemophilia (3, 
6), but these did not distinguish between the two 
major types, Factor VIII and Factor IX defi- 
Alexander and de Vries (6) reported 
impaired evolution of SPCA (Factor VII) ac- 
tivity which could be normalized by addition of 
Aas (3) 
White, Aggeler and 
Glendening (4) observed low SPCA activity in 


ciency. 


sufficient amounts of thromboplastin. 
reported similar findings.? 


PTC deficiency and normalized the activity by 
thromboplastin addition. 

Five patients with Factor IX deficiency were 
studied in a fashion identical to that of the nor- 
mal. The average and the range of results are 
shown in Figure 3. In most of the saline samples, 
clotting occurred between the 15- and 30-minute 
samples. However, in some experiments clotting 
With either 
saline or thrombin addition there was little increase 


occurred between 30 and 60 minutes. 


in Factor VII activity, even though the plasma 
contained nearly normal amounts of Factor VII. 
The addition of thromboplastin resulted in a pat- 
tern resembling the normal (cf Figure 1, 


curve 


1Tn a personal communication, Aas has stated that the 
patient he studied is now know to be Factor IX deficient. 
Indeed, this same patient is included in the present in- 
vestigation. 


3). However, the maximum attained was some- 
what lower than normal. 

Artificial delay of normal clotting, by incuba- 
tion of the samples at 4° C, only postpones de- 
velopment of Factor VII activity (1); thus, it 
would seem that the present findings are not due 
to the prolonged clotting times of the patient's 
blood. In two of the patients, the increase in Fac- 
tor VII activity was studied before and immedi- 
Fol- 
lowing this, the marked defect in the development 
of increased Factor VII activity still existed, even 
though the clotting time of the blood was nearly 
The while 
slightly higher than the pretransfusion level (164 


ately after a plasma transfusion (500 ml). 


normal. maximum value reached, 
in one, and 148 per cent in the other), was still 
far below that seen with thromboplastin addition 
(Figure 3). 


ting time, both the thrombin and the post-trans- 


If it were merely a question of clot- 


fusion curves should have been comparable to the 
thromboplastin curve. Thus, a relationship ex- 
ists between Factor IX and the development of 
increased Factor VII activity. 

4. Factor VIIT (AHF) deficiency. 
shows the results obtained in a study of five Fac- 
tor VIII deficient patients, all with markedly pro- 
Clearly, 
there is defective development of increased Factor 
VII activity with saline or thrombin addition. 


Figure 4 


longed saline sample clotting times. 
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ditives, indicated by broken lines at each incubation time. 
constructed by connecting the points representative of the average of the 


The curves were 


determinations for each incubation time. 


However, the results are normal with thrombo- 
plastin addition. 

One of the patients with Factor VIII deficiency 
was studied on two occasions, The first study 
was made during a period when he was trans- 
fused twice daily because of hemorrhage. These 
results were indistinguishable from the normal. 
Five days following his last transfusion, the sec- 
ond study showed the abnormal pattern of Factor 
VIII deficiency. 

These studies suggest that Factor VIII, as well 
as Factor IX, is necessary for the normal develop- 


300 


ment of increased Factor VII activity. However, 
the role of Factor VIII may be less important 
than that of Factor IX. 

5. PTA deficiency. One patient with PTA de- 
ficiency was studied. 
Figure 5. There was a marked defect in the de- 
velopment of Factor VII activity with saline and 
with The thromboplastin 
curve was normal. These data suggest that PTA, 
as well as the other hemophilia factors, is neces- 


The results are shown in 
addition. 


thrombin 


sary for the development of increased Factor VII 
activity in the normal. 
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THROMBOPLASTIN, CURVE 3 (X 
CURVE 4 (A— A). 


6. Hageman deficiency. No patient was avail- 


able for the study of Hageman factor deficiency. 


However, a lyophilized serum sample from a well 
studied Hageman trait patient (11, 12) was avail- 
able. Several Factor VII were 
performed on this sample on different occasions. 


determinations 


The average of these results was 98 per cent, 
which is only one-third of the normal serum con- 
centration. These findings suggests that Hageman 
factor has a role in Facter VII activation. 


350 


IN NONWETTABLE 
Factor VII ACTIVITY DURING CLOTTING OF NORMAL BLOOD WITH 


TUBES—DEVELOPMENT OF IN- 


(O———O) ; 


-X); AND “PURIFIED” HAGEMAN FACTOR, 


The relationship of Hageman factor to surface 
contact is well known (11-15). To study the 
role of Hageman factor and surface reactions in 
development of Factor VII activity, the original 
experimental design was modified to exclude sur- 
face contact during the clotting of normal blood. 
The blood was drawn into siliconized syringes 
and allowed to clot in Lusteroid tubes. Testing 
was carried out in the usual manner. Figure 6 


shows the results. Little, if any, Factor VII ac- 
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The curves were 


constructed by connecting the points representative of the average of the 


determinations for each incubation time. 
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tivity developed during clotting of samples to 
which saline and thrombin had been added. In 
contrast, thromboplastin addition corrected the de- 
fect. These results are identical to those of the 
three types of hemophilia (Figures 3, 4 and 5). 

Using this same modified technique, the effect 
of the addition of 0.1 vol of a partially refined 
Hageman factor preparation (13) was studied. 
This preparation is devoid of all clotting factors 
except Hageman and, perhaps, PTA (11). 
Curve 4 of Figure 6 shows that, with this addition, 
increased Factor VII activity developed normally 
(cf Figure 1). Since the blood studied was from 
a normal, it lacked only the “active” form of the 
Hageman factor. The results indicate that this 
activity was supplied by the preparation. Without 
this ‘active’ form, i.e., in the absence of surface 
contact, increased Factor VII activity cannot 
develop. 

7. Thrombocytopenia. 
thrombocytopenia were investigated. Their plate- 
let counts were 1,600, 1,600 and 9,000 per mm’, 
and their clotting factors were all in the normal 
range. Figure 7 shows that the results were nor- 
The clotting times of the saline samples 
Prothrombin con- 


Three patients with 


mal. 
were within the normal range. 
sumption was not measured. 
8. Factor V deficiency. Factor VII activity has 
been reported to be normal in Factor V deficiency 
(3, 7). One patient, the same one studied by 
Aas (3) and Owren (16), was available for 
study. The patient’s whole blood clotting time 


Factor V DEFICIENT BLOOD—DEVELOPMENT OF INCREASED FACTOR 


was twice the normal average. Similarly, the 
clotting time of the saline samples was prolonged. 
Figure 8 shows that the results were normal. 

9, Factor X (Stuart) deficiency. 


study reported that Factor X was not needed for 


A previous 


the development of increased Factor VII activity 
(2). Since Factor VII activity was found to be 
relatively stable in serum for at least several 
hours, lyophilized samples of Factor X deficient 
The 


average of at least four determinations on each 


serum were assayed for Factor VII content. 
of these samples was 256 per cent. This is com- 
parable to the content of normal serum. 

10. Artificial system. The data obtained from 
the patient material indicated that certain factors 
are necessary for the development of the normal 
increase in Factor VII activity. Therefore, an 
‘artificial” system 
to investigate the mechanism further. Aas (3), 
Hjort (8), and others have shown that increased 


attempt was made to devise an 


activity develops in a mixture of tissue thrombo- 


plastin, proconvertin (Factor VII) and calcium. 


An attempt was made to mix human proconvertin 
reagent with “purified” factors: activation prod- 
uct, cephalin, Factors V, VIII, IX and X. In 
this fashion it was hoped to establish the role of 
the various factors in the activation of Factor VII. 
Indeed, an increased activity did develop in a 
complete incubation mixture. However, these 
mixtures were found to be thromboplastin genera- 
tion systems which function normally without Fac- 


tor VII (17). Thus, this attempt failed in its pri- 
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TABLE I 


The clotting factors which are necessary and those which are 


not necessary for the development of increased Factor VII 
activity 
Necessary Unnecessary 

Factor V 
Factor X 
Platelets 


Factor VII 
Hageman 
PTA 
Factor VIII 
Factor [X 


Calcium 


mary purpose, and the experimental details are 
not included. 


DISCUSSION 


It was confirmed that during the clotting of 
normal blood, Factor VII activity is increased to 
levels two to three times that found in plasma. 
Since nonspecific influences could produce such 
results, it first is necessary to discuss the specificity 
of the results. Essentially no activity develops 
during the coagulation of Factor VII deficient 
blood (Figure 2A). When a refined Factor VII 
preparation is added, activity similar to the normal 
develops (Figure 2B). Since the patient's blood 
lacks only Factor VII, with normal concentra- 
tions of other clotting factors, the results are ex- 
plainable by the presence or absence of Factor 
VII. 

Surface contact activation of Factor VII pos- 
sibly could be responsible for the high activity in 
normal blood. However, the amount of glass con- 
tact was standardized for all experiments, vet dif- 
Further, 
it was shown that, in the absence of coagulation, 


ferences were obtained in the results. 


this standard contact produced only a slight in- 
crease in activity, even though the initial Factor 
VII concentration was normal. These data sug- 
gest that the increase in Factor VII activity is 
not due to direct activation by contact. 

The activation of Factor VII may somehow de- 
pend upon a normal clotting time, since delayed 
clotting is common to nearly all the bloods with 
results. 


abnormal Acceleration of clotting by 


thrombin did not influence the activity. In con- 
trast, thromboplastin addition, which also accele- 
rated the clotting, gave a markedly different pat- 
tern, except in Factor VII deficiency. Artificial 
prolongation of the clotting time of normal blood, 


by cooling, only delays the development of Fac- 
tor VII activity in glass (1). All these observa- 
tions indicate that the results are not due to non- 
specific influences, but are specifically dependent 
upon the activation of Factor VII. 

Earlier studies (3, 5-7) suggest that, in cer- 
tain deficiency states, the developed Factor VII 
(SPCA, proconvertin) activity may not be nor- 
mal. The present findings show that the de- 
velopment of increased Factor VII activity de- 
pends upon certain of the clotting factors. Thus 
the clotting factors may be divided into two 
groups : those necessary and those unnecessary for 
the development of increased Factor VII activity 
during spontaneous coagulation of blood (Table 
1). 

Calcium, Hageman factor, PTA, Factor VII, 
Factor VIII and Factor IX are necessary for such 
activity to develop (Figures 2-6). Factors V and 
X are not necessary. The data suggest that plate- 
lets also are not necessary. This last finding is 
different from previous reports (3, 5) which sug- 
gest, at least, a partial role of platelets. However, 
these studies were based on prothrombin consump- 
tion (5) and recalcification time (3) techniques. 
Platelets are necessary for a normal result in both 
test systems, and thus, it is believed that these 
systems are not reliable for the study of the de- 
The 
present study does not exclude the possibility that 
It is possible 


velopment of increased Factor VII activity. 


lipoidal materials may be involved. 
to conclude only that Hageman factor, PTA, Fac- 
tors VIII and IX, and calcium are necessary for 


the development of increased Factor VII activity 
during the spontaneous coagulation of blood. This 
finding, which has not been reported previously, 
suggests that the activation of Factor VII can oc- 


Un- 


cur in the absence of tissue thromboplastin. 
der these conditions, it depends upon some type 
of interaction of clotting factors early in the clot- 
It is not known how these factors 
Studies 


ting process. 
produce increased Factor VII activity. 
substituting EDTA for citrate suggest that com- 
plex formation may occur which is similar to that 
seen in studies of Factor VII with tissue thrombo- 
plastin (8). 
thetical, as many of the factors could not be iso- 
lated sufficiently to explore mechanisms and com- 
plex formation by utilization of purified factors. 
However, recent experiments with trypsin (18, 


Such suggestions, so far, are hypo- 


Tex 
abs 
750) 
= 
j 
; 


CLOTTING FACTORS AND FACTOR VII ACTIVITY 


19) show that it is possible to study the develop- 
ment of increased Factor VII activity in some 
“purified” systems, and this may indicate a new 
approach, 
SUMMARY 

Factor VII activity was studied during coagu- 
lation of normal and factor deficient blood, in the 
presence and in the absence of tissue thrombo- 
plastin. In normal blood, Factor VII increased 
its activity two to three times during spontaneous 
coagulation without tissue thromboplastin. This 
activity was not due to nonspecific reactions; it 
was not caused by direct glass activation; and it 

did not develop in the absence of Factor VII, 

Hageman factor, PTA, Factors VIII and IX, 

and calcium. Platelets, Factor V and Factor X 

did not appear to be necessary for the reaction. 

Thus, the activation of Factor VII, in the absence 

of tissue thromboplastin, appears to depend upon 

an interaction of Hageman Factor, PTA, Factors 

VIII and IX, and calcium, a finding not reported 

previously. 
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CLINICAL SCIENCE 


Editorial Board 
for the Medical Research Society 
G. M. Butt, Chairman, A. C. Dornuorst, A. D. M. GREENFIELD, P. HUGH-JONES 


for the Biochemica] Society 
N. F. MacLaGan, Deputy Chairman, C. H. Gray, N. H. Martin, F. T. G. PRuNty 


Volume 20, Part 1. 


of p i and hydrogen ion in potassium-deficient voluntary muscle. By R. O. H. Irvine, S. J. SAUNDERS, M. D. 
MILNE and M. A. CRAWFORD. 


Stress relaxation of the human lung. By J. G. WippicomBe and R. MARSHALL, 

Cerebral hemodynamics and oxygen utilisation in extreme obesity. By W.G. Smit and J. K. ALEXANDER. 

Heparin clearing and inhibition in ischemic heart disease. By P. J. Neste. and M. L. MASHForp. 

The effects of synthetic hypertensin on the systemic and pulmonary circulationsin man. By N. SeGEL, P. Harris and J. M. BisHop. 
The effect of water diuresis on the urinary excretion of hydrogenionsinman. By D. M. NuTBouURNE and H. E, DE WARDENER. 
Mixing and indicator dilution curves. By A. O. Puinney, Jr., K. Corton and J. SHILLINGFORD, 


Thyroid function after the treatment of thyrotoxicosis by partial thyroidectomy or '10dine. By H. Eckert, M. GREEN, R. KIL- 
PATRICK and G. M. WILSON. 


A study of the nitrous oxide technique for estimation of regional blood flow in the lower limb of man. By R. WARREN and R. C, 
SHEPHERD. 


The work of breathing in patients with chronic Cor Pulmonale. By J. D.S. HAMMOND. 
Uptake of radioactive potassium by red cells in various thyroid states. By H. K. Awwap and A. W. G. GooLpEN, 
The effect of mersalyl on the renal tubular reabsorption of solute free water. By A. LAMBIE and J. S. ROBSON, 


A post mortem study of the main cerebral arteries with special reference to the cause of strokes. By C. J. DICKINSON and A. 
THOMPSON. 


The effect of an aldosterone antagonist on the renal response to sodium restriction. By KE. J. Ross and W. W. WINTERNITZ. 


Volume 20, Part 2. 


The transfer of bromsulphthalein from the plasma to the bilein man. By G. BARBEeR-RiLey, A. E. Goetzer, T. G. RICHARDS and 
J. Y. THompson, 


Metabolism of 131; labelled human albumin. By S. Conen, T. FREEMAN and A. S. MCFARLANE. 

Respiratory adaptation to exercise in anxious patients. By A. G. Mrzry and A. J. Coppen, 

Vitamin B,, metabolism in polycythaemia vera. By I. W. DrELAMORE. 

The localization of 14c labelled vitamin D, in the nephron. By EK. Kopicex, E. M. DarRMApy and F. STRANACK, 
Pyruvate metabolism in Wilson’s disease. By J. M. WALSHE. 


A t of ia in clinical practice. By T.S. Lee and G. R. WapswortTu. 
Changes in blood flow and temperature of muscle in the chilled limb of the rabbit. By A. SAYEN and C. BoLanp. 
The ability of man to detect added elastic loads to breathing. By FE. J. M. CAMPBELL,S. FREEDMAN, P.S.SmitHand M. E. TAyLor, 


The effect of minute and increasing doses of aldosterone with saline loading on young and older mice. A means of detecting small 
amounts of aldosterone. By D. B. Cueex and A. B. Hott. 


Blood pressure and body build in men in tropical and temperate Australia. By A. E. DoyLe and R. R. H. Love t. 
A mechanism for the action of unsaturated fat in reducing the serum cholesterol. By T. PiLKinGton, K. A. Hopp and B. Lewis. 
The fatty acid patterns of human serum in health. By T. D. V. Lawrie, S. G. MCALPine, R. Pinkie and B. M. RIrKIND. 


The effect of dilution on the titratable acid in urine and acidified phosphate buffer solutions and the correction for this effect in 
the determination of the rate of elimination of hydrogen ions from the body by renal tubules. By D. M. NUTBOURNE. 


Subscription Rate: $13.50 per volume of three parts. ($27.00 per year) 


orders may be placed with your bookseller, or sent direct to the publishers 


CAMBRIDGE UNIVERSITY PRESS 
32 East 57th Street, New York 22,N.Y. Bentley House, 200 Euston Road, London, N.W. 1 
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A Checklist from GRUNE & STRATTON 


ATLAS OF CLINICAL 
HEMATOLOGY 


By Katsuji Kato, Ph.D., M.D. 


This new, superbly-illustrated diagnostic aid con- 
taining over 90 plates, exactingly reproduced in 
full color, provides blood pictures of individual 
diseases with clear representations of those blood 
cells of most importance to proper diagnosis in 
each instance. The plates, reproduced from 
original drawings by Dr. Kato, were prepared 
from blood smears under uniform conditions— 
magnification, method of staining, reduction for 
engraving—and offer an excellent means for 
direct comparison in laboratory work. The in- 
troductory text preceding each of the some 50 
chapters on morphologic characteristics in dis- 
eases, and the routine pairing of line drawings 
opposite the color plates identifying cells of im- 
portance, round out this comprehensive source 
work. 


\G S, 92 full color plates, 296 pages, $25.00 


See you at the 
| Convention Booth 23 
ADVANCES IN BLOOD GROUPING 
By Alexander S. Wiener, M.D., 


F.A.C.P. 
564 pages, $11.00 


CLINICAL CARDIOPULMONARY 
PHYSIOLOGY 
(Second Edition—Revised and En- 
larged) 
Edited by Burgess L. Gordon, M.D., 
et al. 

916 pages, 728 illustrations, $28.50 


CLINICAL ENDOCRINOLOGY 
Edited by Edwin B. Astwood, M.D. 
744 pages, 169 illustrations, $18.75 


DIAGNOSTIC LABORATORY 
HEMATOLOGY (Second Edition— 


Revised and Enlarged) 
By George E. Cartwright, M.D. 
260 pages, 33 illustrations, $6.75 


GRUNE & STRATTON, INC./381 Park Avenue South/New York 16, 
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A NEW SYSTEM FOR AUTO- 
MATIC RECORDING OF 
ENZYME KINETICS 


Absorbance as a function of time can now be recorded 
from multiple samples on any laboratory quality 
spectrophotometer with the Gilford Series 200 Absorb- 
ance Recording System. Suitable for the study of 
kinetic reactions in all regions of the spectrum, the 
Series 200 is linear with absorbance over a range of 3.0 
Optical Density units (1000:1) with sufficient sensitivity 
to permit scale expansion to .1 Density Units full scale. 


( ) 


Its unusual stability permits accurate, long term record- 
ing free from drift and provides a completely automatic 
system for doing multiple determinations accurately 
and with a great saving of valuable research time. 

The Series 200 System is designed to be attached to the 
Beckman DU, the Zeiss PMQ II and other spectro- 
photometers without modification. For complete tech- 
nical data write: 


Dept. 3 © GILFORD INSTRUMENT LABORATORIES INC. ® Oberlin, Ohio 
SEE OUR DISPLAY, BOOTH 38 C, ATLANTIC CITY 
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Blakiston, McGraw-Hill, 


invites you to visit booth #31 
at the American Society for 
Clinical Investigation meeting . 


THE ASSOCIATION OF AMERICAN PHYSICIANS: 

First Seventy-Five Years 

Edited by Fames Howard Means, M.D., In press 

This book is an intimate and personal history of the Association of American Physicians, 
which is now an institution in American Medicine. This work is the first history of 
the Association which is composed of the foremost internists in this country. This 
volume, prepared at the suggestion of the Association, is largely based on the official 
publications of the group, although other historical and biographical works have been 
consulted. Interestingly written, the book includes many sketches and quotes from 
famous members in biographical notes. 


HUMAN GENETICS: Principles and Methods 

By C.C. Li, Ph.D., In press 

In a clear, concise manner, Dr. Li presents the fundamental principles of human genetics 
for the medical practitioner. Topics discussed range from family and population laws 
of hereditary to genetic linkage, marriage and parenthood counseling, and mutation— 
selection problems. 


THE METABOLIC BASIS OF INHERITED DISEASE 

By Fohn B. Stanbury, M.D., Fames B. Wyngaarden, M.D., and Donald 8. Fredrickson, M.D., 1477 pp., 

6x 9, illus., $30.00 

ha? Metabolic Basis of Inherited Disease presents a complete coverage of the clinical, 
‘chemical, and genetic aspects of genetically determined diseases. The rapid con- 

vergence of biochemical genetics, biochemistry, and clinical medicine has focused atten- 

tion of the more than forty different disorders or groups of disorders considered, and the 

presentation of comprehensive reviews of these diseases in one volume makes this a 

truly definitive work. 


THE McGRAW-HILL ENCYCLOPEDIA OF 

SCIENCE AND TECHNOLOGY 

15 Volumes, 7,200 articles, alphabetically arranged, over 6,000,000 words, 9800 illustra- 
tions in black and white, and color, $195.00 

This 15-volume Encyclopedia is the most comprehensive reference work of its kind in 
publishing history, presenting unrivaled coverage and concise, factual basic data in all 
of the areas of science and technology. An illustrated brochure i is available on request. 


The Blakiston Division, McGraw-Hill Book Company, Inc. 
330 West 42nd Street, New York 36, New York 
You may send me on a 10-day approval: 


ADDRESS 
ZONE. 
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DROP-SIZE 
SAMPLES 
ARE ENOUGH 


Now you can analyze drop-size samples as easily, as quickly and far 
more conveniently than you can larger samples... with the Beckman/Spinco 
Ultramicro Analytical System. Techniques of handling small samples with 
the system are easily learned. And everything needed for ten complete clinical tests 
can be placed within reach of the operator seated comfortably at a table or bench. 


PRECISE MICROPIPETTES 
A set of precision polyethylene pipettes...repro- 
ducible well within 1% of volumes down to one- 
tenth drop... is used for all volumetric measure- 
ments. Polyethylene provides the ideal surface for 
small sample work: It is permanently non-wettable, 
requires little cleaning and does not break easily. 
The pipettes are virtually self-measuring. Squeeze 
a plastic bottle, and they fill with correct volume; 
squeeze again, and they empty completely. 


AN ULTRAMICRO LAB IN MINIATURE 


The complete system consists of a Microtitrator, 
compact centrifuge, Spectro-colorimeter, Micro- 
mixer, and Micropaks containing pipettes and re- 
agents for each clinical test. The titrator bureite is 
accurate to +0.01 microliter; the Spectro-coiori- 
meter’s stationary, self-emptying cuvette is used for 
blanks, standards and unknowns alike; the Micro- 
fuge and Micromixer cut sedimentation and mixing 
times to just seconds. 

Standard clinical procedures are supplied with the 
system, or you may adapt your own to the equipment. 
Individual components are available for purchase. 


WRITE FOR MORE INFORMATION 


The address: Spinco Division, 
Beckman Instruments, Inc. 
1117 California Ave., Palo Alto, Calif. 
Ask for Data File 150-16 Beckman: 
Spinco Division 


Beckman Instruments, Inc. 


Clinical Tests Available 
with the System 


(Coefficients of variation in these tests 
typically range from 1% to 3%) 


SERUM 
ANALYSIS SAMPLE 


Bilirubin, Direct 40 pl 
Total 40 pl 

Calcium 20 pl 
Chloride 10 pl 

Total Cholesterol 5 pl 
Creatinine 40 pl 
Glucose 10 pl 
Phosphorus 20 pl 
Proteins 15 pl 

Urea Nitrogen 10 pl 
Uric Acid 20 pl 
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oca-Cola, too, is compatible 
with a well balanced diet. 
Asa pure, wholesome drink, it 
provides a bit of quick energy 
... brings you back refreshed 
after work or play. It contributes 
to good health by providing 
a pleasurable moment’s pause 
from the pace of a busy day. 


WANTED 


Back Issues of 
THE JOURNAL OF 
CLINICAL INVESTIGATION 


January, May, June, July, (Pt. I), 
September, through December, 
1955 
February, July, August, Sept., and 
November, 1959 
February and October, 1960 
75¢ per copy and postage 
For particulars about mailing write to 
The Journal of Clinical 
Investigation 
Business Office 


333 Cedar Street 
New Haven 11, Conn. 


SUPPLEMENTS 
Order while still available 

Symposium on Malaria 

May, 1948, Part II $2.00 
Symposium on Antibiotics 

September, 1949, Part I $2.00 
Symposium on Radioactive Isotopes 

November, 1949, Part I $2.00 
Treatment of Acute Infectious Hep- 
atitis 

July, 1955, Part II $1.50 
The Renal Lesion in Epidemic 
Hemorrhagic Fever 

January, 1957, Part II $1.50 
Metabolic Studies in  Paralytic 
Acute Anterior Poliomyelitis 

June, 1957, Part II $1.50 

‘ss 

Studies on Influenza in the 1957- 
1958 Pandemic 

January, 1959, Part II $1.50 
History of the A.S.C.I. 

October, 1959, Pt. II $1.50 


Order through the Business Office of 
THE JOURNAL OF CLINICAL INVESTIGATION 


333 Cedar Street New Haven 11, Conn. 
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CAPABLE 
HANDS 


for your Research Analyses 


BiO-SCIENCE LABORATORIES OFFERS 
SUPPLEMENTAL LABORATORY SERVICE 


Determinations and Assays in... 
Biochemistry, Endocrinology, Toxicology, 
Microbiology-immunology, Enzymology, 
Radio-isotope Procedures 


Bio-Science Laboratories offers an unusual service to 
researchers in the bio-medical field ...a full range 
of laboratory tests in biochemistry, endocrinology, 
microbiology-immunology, toxicology, enzymology, 
radio-isotope procedures. You who are working under 
research grants will find our service of especial bene- 
fit: it allows you to concentrate your own efforts on 
the essential aspects of the research, knowing that 
the recurring lab tests are taken care of by a fully 
equipped, well staffed, professional laboratory with 
long experience in the field. 


BIO-SCIENCE 
LABORATORIES 


“The Unusual Laboratory... 
for Unusual Tests”’ 
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REVUE FRANCAISE D’ETUDES 
CLINIQUES ET BIOLOGIQUES 


April 1961 
Vol. VI, No. 4 
Editorial 
Excretion Renale et Metabolisme de l’Acide Urique. G. RICHET. 


Original Articles 


Recherche du Chimerisme Cellulaire Sanguin Chez les Jumeaux. G. ROGISTER. 


Etude des Bacteriemies Chez les Sujets Atteints d’Hemopathies Malignes. Place de Salmonella Typhi- 
murium. B. CaiLie, J. BERNARD, G. Matué, C. TOLEDANO-SOUILLART et R. BARAB. 


Au Sujet de la Duree de Vie de Rats Ayant Recu une Dose Massive d’Yperite a l’Azote ou de Myleran. 
Premieres Observations. A. Dunyjic. 


Annulation ou Diminution de la Fixation Thyroidienne d’Iode Radioactif au Cours de l’Hypothyroidie 
Congenitale. Essai d’Interpretation. R. JoserH, M. TuBiana, P. CANLORBE, P. BORNICHE, 
G. VALLEE et C. C. Jos. 


Original Notes 


Etude Comparée de Certains Signes Biologiques au Cours de Polyarthrites Chroniques Rhumatismales 
avec Réactions de Waaler-Rose Positives et Négatives. J. Bapin, N. CaBau, S. pE Skze, A. RYCKE- 
WEART, M. F. KAHN et N. DEBEYRE. 


Electrophoreses Comparees sur Gel d’Amidon des Serums du Sang Maternel et du Sang de Cordon. Guy 
Riou, CHARLES GossE et JOSETTE BLUSSON. 


Etude de la Tolerance Glucidique Chez l’Enfant. Presentation des Resultats Observes Entre Six Mois 
et Quinze Ans. H. Lors, A. CHAMPENO!IS et V. CONARD. 


Action de l’Acide Desoxyribonucleique de Poisson Administre per Os sur la Croissance et le Bilan Azote 
du Rat. F. Bour et J. Brocas. 


Etude Genetique du Facteur Serique Inv. Frequence dans Certaines Populations. C. Rorartz, P. Y 
Rousseau, L. Rivat et J. LENorr. 


General Review 


Protection Chimique des Mammiferes Contre les Radiations. J. Maisin. 


Technical Note 


La Mesure de la Pression Partielle des Gaz dans les Liquides Biologiques. C. Lenranr. 


Subscription rate, $19.00 


Special rate for interns and residents, $13.00 


EDITIONS MEDICALES FLAMMARION, 22, rue de Vaugirard, PARIS 6eme. France. 
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oxImeTER 
RECORDING SYSTEM 


An all-new system for recording blood 
oxygen saturation as well as Evans and 
Cardio-Green dye-dilution curves us- 
ing the Waters oximeter earpiece or 
cuvette. Write for Bulletin X-90/61. 
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OXIMETER 

An improved, simplified instrument for 
immediate continuous determination of 
blood oxygen saturation of either 
whole blood samples or arterial blood. 
Write for Bulletin X-65/60. 


NITROGEN GAS 
ANALYZER 


A new, smaller size analyzer for con- 
tinuous measurement of N2 in gas 
mixtures has simplified, more accurate 
operation at a lower cost. Write for 
Bulletin A-7/61. 


aters electro-medical 
instruments 
located throughout the United States. THE WATERS CORPORATION 
ROCHESTER, MINNESOTA 


Factory trained representatives are 
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Your animal caretaker probably will shout louder than 
this little cavy if you’ll let him feed Purina Guinea Pig 
Chow. The addition of stabilized vitamin C makes it a 
complete ration. No more greens to feed or clean out of 
cages. The formula was developed in our own Research 
Laboratories. Constant quality control of ingredients and 
finished product promotes uniform reproduction and 
growth. Get fresh supplies in any desired quantity by 
calling your local Purina Dealer. Or write H. A. Graff, 
Ralston Purina Company, St. Louis 2, Missouri. 


PURINA LABORATORY CHOWS 


5 special rations for all 
laboratory animals 
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Complete 


| Remote 

Central 

Monitor 
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physiologic 
monitoring facilities 


SANBORN “760” EQUIPMENT FOR USE IN SURGERY + CATHETERIZATION + POST-OPERATIVE OBSERVATION + TEACHING 


SAFETY and SIMPLICITY are primary 
characteristics of this new series of 
monitoring ’scopes, indicators and pre- 
amplifiers. Protective networks, current 
limiting circuitry and low-voltage tran- 
sistorized preamplifiers are key elements 
insuring safe operation in the presence 
of explosive gases. All units are designed 
for easy, straightforward operation and 
use—by simple front-panel controls... 
clear, well-defined and well-separated 
waveform presentation on 17” scope 
screen ... orderly, uncluttered inter- 
connection of units, and signal input 
cables from patient... wide mounting 
flexibility permitting shelf, table, wall, 


ceiling or mobile cabinet location of units. 


FLEXIBILITY to meet specific require- 
ments is another important advantage 
of ‘‘760’’ equipment — provided by a 
choice in preamplifier types, instrument 
groupingsand locations, ‘‘expandability’”’ 
by adding units later on to a few pur- 
chased initially, and remote recording 
if desired to supplement visual ob- 
servation. 


For complete details, contact your near- 
est Sanborn Branch Office or Service 
Agency, or write: Manager, Research 
Instrument Sales: 


MEDICAL DIVISION 
SANBORN COMPANY 


175 Wyman St., Waltham 54, Massachusetts 
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It’s What's Inside 
That Counts! 


Packard Tri-Carh 
Liquid Scintillation Spectrometer 


Accurately and 
automatically achieves 
the best experimental 
results presently possible 
utilizing the latest 
radioactive tracer 
counting methods for 
such materials as proteins, 
lipids, amino acids, 
tissue, body fluids, 
aqueous solutions, 
tritiated water, and 
carbon dioxide. 


In the first six months 

after the transistorized 

Tri-Carb replaced its 

vacuum-tube predecessor, 

more than a hundred 

installations were made 

in 15 countries on four continents. 

More samples of tritium, carbon-14, and 
other alpha- and beta-emitters are 

now being counted in the Packard Tri-Carb 
Spectrometer than in any other instrument. 


You will be interested in our latest bulletin, which 
shows “‘what’s inside” the transistorized Tri-Carb 
Spectrometer that makes it count so well . . . so reliably. 


Write or phone, requesting Bulletin 315. 


Tri-Carb Liquid Scintillation Spectrometers * Auto-Gamma Spectrometer 
Systems Fraction Collectors Flow Detectors Ratemeters Scalers 


[Plackard Instrument Company, Inc. 


P.O.BOX 428-3, LAGRANGE, ILLINOIS, U.S.A. 
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CHICAGO + ALBUQUERQUE + ATLANTA+ BOSTON + LOS ANGELES + NEW YORK + PHILADELPHIA + PITTSBURGH 
SAN FRANCISCO + WASHINGTON, D.C.+ ZURICH + PARIS 


LANCASTER PRESS, 


, LANCASTER, PA. 
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